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FOREWORD 


This  report  was  prepared  in  conformance- with  the  requirements  of 
NASA  Specification  S-460-ATS-19,  which  is  GSFC’s  specification  pertaining 
to  the  ATS-F  experiments,  design  study,  and  fabrication,.  Additional  require- 
ments are  contained  in  GSFC  specification  S-524-P-4c,  "10.6  Micron  Laser 
Communications  Systems  Experiment  for  ATS-F."  This  is  Part  1 of  the  three- 
part  Volume  I Design  Study  Report  pertaining  to  the  LCE  spacecraft  transceiver. 
It  is  a comprehensive,  self-contained  report  of  the  transceiver  design. 

Part  2 contains  the  appendices,  while  Part  3 contains  the  LCE  design  specifi- 
cations. 

Volume  II,  which  will  be  delivered  in  late  fall, of  1970,  will, cover 
the  remaining  elements  of  the  LCE,  including  the  Operational  Ground  Equipment-, 
Data  Acquisition  Plan,  and  Data  Processing,  Reduction,  and  Analysis  Plan. 
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1.0  INTRODUCTION 

The  ATS-F  Laser  Communications  Experiment  (LCE)  is  the  first  significant 
step  in  the  application  of  laser  systems  to  space  communications.  The  space-  . 
qualified  laser  communications  system  "being  developed  in  this  experiment,  and 
the  data  resulting  from  its  successful  deployment  in  space,  will  "be  applicable 
to  the  use  of  laser  communications  systems  in  a wide  variety  of  manned  as  well 
as  unmanned  space  missions,  both  near  earth  and  in  deep  space.  Particular  future 
NASA  missions  which  can  benefit  from  this  effort  are  the  Tracking  and  Data 
Relay  Satellite  System  and  the  Earth  Resources  Satellites. 

The  LCE  had  its  origin  in  a report  written  in  1965  by  McAvoy,  who 
pioneered  the  application  of  carbon  dioxide  laser  systems  in  space.  This  early 
report  showed  the  desirability  of  10.6-micrometer  (28  THz.)  communications 
systems  for  space  communications,  particularly  for  interplanetary 
missions.  A more  recent  and  direct  precursor  of  the  LCE  is  a report  by  McAvoy, 
et  al.,  which  describes  in  depth  the  feasibility  of  developing  a 10.6-micrometer 
laser  communications  system  for  use  in  performing  satellite-to-ground  and 
satellite- to- satellite  communications  experiments.  This  report  led  to  the 
decision  to  initiate  the  development  of  the  LCE. 

The  LCE  makes  use  of  carbon  dioxide  lasers  to  establish  simultaneous, 
two-way  communication  between  the  ATS-F  synchronous  satellite  and  a ground 
station.  In  addition,  the  LCE  is  designed  to- permit  communication  with  a 
similar  spacecraft  transceiver  proposed  to  be  flown  on  ATS-G,  nominally  one 
year  after  the  launch  of  ATS-F.  This  would  be  the  first  attempt  to  employ 
lasers  for  satellite-to-satellite  communications. 


^McAvoy,  N, , "10.6  Micron  Communication  System"  NASA  TM  X-524-65-46l, 
Goddard  Space  Flight  Center,  Greenbelt,  Md.,  Nov.  1965 

^McAvoy,  N.,  H.  E,  Richards,  J.  H.  McElroy,  and  W.  E.  Richards,  "10.6- 
Micron  Laser  Communications  System  Experiment  for  ATS-F  and  ATS-G," 
NASA  TM  3-52^-68-206,  Goddard  Space  Flight  Center,  Greenbelt,  Md., 

May  1968 
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This  Design  Study  Report  for  the  LCE  was  prepared  by  the  Aerojet- General 
Corporation  under  Contract  WAS  5-21072.  This  prime  contract  for  the  LCE  was 
awarded  to  Aerojet  on  T January  1970  Ly  the  WASA  Goddard  Space  Plight  Center 
(GSFC).  Major  subcontractors  are  Sylvania  Electronic  Systems  for  the  laser 
subsystem  and  Airborne  Instruments  Laboratory,  a Division  of  Cut ler- Hammer , 
for  the  optical  receiver  subsystem. 

The  Aerojet  prime  contract  covers  the  development  and  fabrication  of  the 
LCE  spacecraft  equipment  and  the  LCE  ground  equipment  necessary  for  the  per- 
formance of  the  experiment.  The  LCE  Specification  GSFC-S-524-P-46,  "10.6- 
Micron  Laser  Communications  System  Experiment  for  ATS-F,"  is  used  as  a design 
basis.  The  deliverable  hardware  end  items  (and  approximate  delivery  dates) 
consist  of : 

(1)  A prototype  model  (fall  of  1971); 

(2)  A flight  model  (late  in  1971 ); 

(3)  A flight  spare  model  (early  in  1972); 

(k)  Ground  equipment  (late  in  1971); 

(5)  Two  spacecraft  integration  test  consoles  (fall  and  winter  of 
1971);  and, 

(6)  A thermal /structural  model  of  the  spacecraft  transceiver 
(optical  transmitter  and  receiver,  fall  of  1970). 

In  addition,  a breadboard  model  is  being  fabricated  and  tested  to  verify 
the  concepts  of  the  LCE  design  (summer  of  1970),  and  a functional  test  model 
(a  non- deliverable  pre-prototype  model)  will  be  fabricated  and  tested  to  prove 
the  performance  capability  and  environmental  integrity  of  the  LCE  system  and 
to  aid  in  identifying  potential  problems  prior  to  fabricating  the  prototype 
model  (winter  of  1970-71).  It  is  presently  planned  that  (l)  the  breadboard 
will  be  refurbished  for  use  as  a ground  calibration  unit,  (2)  the  FTM  will  be 
refurbished  for  use  as  the  ground  equipment  transceiver,  and  (3)  the  prototype 
will  be  refurbished  for  use  as  a flight  spare. 
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Major  software  deliverable  end  items  under  Contract  MS  5 -21072 
include : 

(1)  This  Design  Study  Report 

(2)  A Thermal  Math  Computer  Model  (fall  of  1970) 

(3)  A Maintenance  and  Operations  Manual  (summer  of  1971) 

(4)  An  Experiment  Handbook  (spring  of  1971) 

(5 ) Final  Report 

Volume  X of  this  report  deals  with  the  spacecraft  transceiver,  by  far  the 
most  critical  design  element  for  the  experiment.  Part  1 of  this  volume  is 
divided  into  three  parts;  Part  1 contains  the  basic  design  study  material; 

Part  2 contains  the  results  of  detailed  analyses  and  data  in  support  of  the 
arguments  xaresented  in  Part  1;  and  Part  3 Is  sl  compilation  of  LCE  design 
specifications  prepared  by  Aerojet.  The  Operational  Ground  Equipment  (OGE), 
Data  Acquisition  Plan,  and  Data  Processing,  Reduction,  and  Analysis  Plan  will 
be  discussed  in  a second  volume  (to  be  delivered  in  late  fall  of  1970).  This 
report  complies  with  the  Design  Study  Report  requirements  of  the  LCE  Specifi- 
cation GSFC-S-524-P-4C  and  of  the  ATS-F  experiments  Specification  GSFC-460- 
ATS-19j  to  which  it  refers. 

At  the  time  of  the  preparation  of  this  report  (July  1970)  the  LCE  space- 
craft transceiver  is  undergoing  detailed  design  of  the  deliverable  units.  In 
addition,  a nondeliverable  breadboard  is  being  constructed;  fabrication  of 
subsystems  has  been  completed  with  the  completion  of  breadboard  system  assembly 
expected  by  the  end  of  July  1970  and  completion  of  breadboard  system  testing 
during  September  1970.  With  GSFC  concurrence , a few  long-lead  components  and 
parts  have  been  ordered  for  a functional  test  model,  a nondeliverable  pre- 
prototype  unit. 
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2.0  SUMMARY 

2.1  INTRODUCTION 


! 


The  purpose  of  the  ATS  Laser  Communications  Experiment  as  stated  in 
the  system  specification  is  to  ascertain  the  practicality  of  wideband  communi- 
cations between  the  spacecraft  and  the  ground  station  and  between  two  orbiting 
spacecraft  using  the  10. 6-micrometer  radiation  from  a carbon  dioxide  laser, 
and  to  establish  the  resulting  efficiency  that  can  be  effected  in  terms  of 
communication  bandwidth  per  pound  on  the  spacecraft.  In  order  to  meet  this 
objective,  a number  of  experiments  and  measurements  will  be  conducted  on  a 
two-way  laser  communication  link  between  the  ATS-F  satellite  and  a ground 
station.  In  addition,  the  LCE  is  designed  to  permit  communication  with  a 
similar  spacecraft  transceiver  proposed  to  be  flown  on  ATS-G,  nominally  one 
year  after  the  launch  of  ATS-F.  These  include  measurement  of  signal- to-noise 
ratio  as  a function  of  system  and  environmental  parameters  and  the  measurement 
of  data  quality  compared  to  a reference  microwave  link,  in  various  modes  of 
operation.  < 

The  design  report  describes  in  detail  the  systems  analyses,  system  and 
subsystem  specifications,  hardware  design,  design  analyses  and  determined 
fabrication  techniques  that  will  result  in  the  flight  transceiver.  In  par- 
ticular: 


(1 ) Detailed  analyses,  in  terms  of  the  system  requirements  and'. 
required  modes  of  operations,  have  been  performed  and  have  resulted  in  system 
and  subsystem  performance  and  design  specifications  for  a transceiver  which 
will  perform  the  experiments  necessary  to  achieve  the  required  objective. 

(2)  Detailed  analyses  and  trade  studies  of  the  various  technical 
approaches  for  each  subsystem  designs  have  been  performed . 

(3)  Designs  of  the  subsystems  have  been  made.  In  most  cases,  tho 
detailed  design  must  still  be  completed,  but  it  is  considered  that  the  designs 
are  at  an  excellent  point  for  a meaningful  review. 
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(4)  Detailed  analyses  of  the  designs  have  "been  performed  to  ensure 
that  they  meet,  or  can  he  modified  to  meet,  the  determined  specifications  and 
interface  requirements  and  that  the  hardware  can  be  fabricated.  Where  required, 
the  necessary  fabrication  techniques  and  equipment  are  being  assembled.  : 

(5)  Detailed  investigations ^ of  all  critical  technical  areas  have  been 
performed  and  have  either  (a)  verified  the  analyses  and  assumptions  in  the 
system/ subsystem  designs  and  design  fabrication  or  (b)  increased  the  under- 
standing  to  the  point  where  the  validity  of  the  design  and/or  fabrication 
technique  is  proven  so  that  the  LCE  requirements  can  be  satisfied.  For  the 
latter  areas,  further  developmental,  experimental  and/or  analytical  efforts  . 
are  continuing  as  described  herein.  Final  results  are  expected  in  accordance' 
with  the  program  schedule. 


0? 


(6)  A test  program,  which  includes  informal  engineering  functional 
and  environmental  tests  and  formal  qualification  and  acceptance  tests,  has 
been  detailed  with  the  intent  to  uncover  problem  areas  and  to  prove  outHhe  , 
designs  at  the  earliest  possible  date.  . \ ' 


(?)  All  breadboard  subsystems  have  been  fabricated.  Testing  to  date*  * 
has  not  disclosed  any  major  problems.  Final  assembly  of  the  breadboard  is  -, 
being  performed. 


Certain  critical  technical  areas  where  identified  early  in  the""  ^ 
program  and  the  goal  has  been  to  resolve  these  technical  uncertainties  as  >v;' . * ,, 
soon  as  possible  through  analyses  and  testing.  Both  program  planning  and-K!^^;S- 
test  planning  have  been  directed  toward  the  early  identification  of  additional^5 
potential  problem  areas.  ..  s r 


■ ■ • 'v  <!*.  ■ • 

2.2  SYSTEM  CONCEPT  *' 

■ i 1 •**  VtU  ■ 
. ( . '»  1 j*  V,*  : 

tp’-  '■* 

A simplified  block  diagram  illustrating  the  system  concept'  is  shown  3 
in  Figure  2-1.  The  LCE  transceiver,  mounted  on  the  ATS-F  spacecraft  operating 
in  a synchronous  orbit,  will  maintain  two-way  communication  with  a similar  ^ 
transceiver  located  at  the  ATS-F  ground  station.  The  spacecraft’ transmitter 
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will  transmit  FM  signals  on  one  line  (P20)  of  the  10.6  micron  C0^  laser 
spectrum  with  N-S  polarization  and  will  receive  similar  signals  from  the 
ground  station  on  another  line  (Pl6)  with  E-W  polarization.  In  the  spacecraft, 
the  signal  to  be  transmitted  can  be  either  taken  from  the  LCE  receiver  output 
or  from  the  spacecraft  eommuni cation  system.  This  permits  operation  in  any  • 
of  the  four  modes  shown  in  Figure  2-2.  In  the  Atmospheric  Propagation  mode, 
the  unmodulated  carriers  of  both  transmitters  are  received  at  the  opposite 
station  and  signal  strengths  can  be  measured.  In  the  Two-way  Laser  Communi- 
cation mode,  the  signal  transmitted  to  the  satellite  will  be  re- transmit ted 
back  to  the  ground  and  compared  with  the  same  signal  transmitted  via  a micro- 
wave link.  In  the  Down- Link  Laser  mode,  the  one-way  laser  signal  will  be 
compared  with  the  microwave  link.  In  the  Data  Relay  mode,  signals  received 
at  the  satellite  from  a low-altitude  satellite  on  an  S-band  link  will  be 
relayed  to  the  ground  station  via  the  laser  link. 

2,3  SYSTEM  DESCRIPTION 

i 

A perspective  view  of  the  LCE  spacecraft  transceiver  is  shown  in  • 
Figure  2.3  and  a schematic  of  the  space  craft /ground  station  geometry  is'  1 
shown  in  Figure  2-4.  - ' * . 

/..V"  ' 1 ' 

The  baseplate  of  the  experiment  will  be  mounted  on  the  north  face 
of  the  ATS  spacecraft  with  the  f>eam-pointing  mirror  housing  facing  the  earth. 

A viewing  port  in  this  earth-facing  side  of  the  spacecraft  will  accommodate 
the  beam-pointing  angles  of  ^40°  E/w  and  -8°  N/S.  This  capability  will  permit 
the  LCE  transceiver  to  communicate  not  only  with  a ground  based  station  with  * 
allowance  for  spacecraft  attitude  variations,  but  will  also  allow  communica- 
tion with  another  satellite-borne  transceiver  (e.g.,  on  ATS-G).  Below  the 
coarse  beam-pointing  mirror  is  the  Cassegrain  telescope  which  functions  as  ‘ ' 
the  optical  antenna  of  the  system.  Energy  received  from  the  remote  station 
is  collected  and  relayed  by  means  of  the  telescope  and  relay  lens  to  the 
Image  Motion  Compensator  (IMG)  as  a .78  in  collimated  beam.  From  the  IMC, 
the  received  beam,  is  reflected  from  rather' than  transmitted  through  a 
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duplexer,  due  to  its  E-W  polarization,  and  is  focused  onto  the  detector  or 
optical  mixer  of  the  receiver.  The  IMC  performs  the  function  of  tracking  the 
remote  station  so  that  the  image  of  the  energy  from  this  station  Is  always 
maintained  on  the  detectors.  The  signals  for  controlling  the  IMC  are  derived 
by  nutating  the  image  of  the  received  "beam  in  a very  small  circular  pattern 
on  the  detector.  This  nutation  produces  a small  amount  of  amplitude  modulation 
on  the  received  signal  which  is  detected  in  the  receiver  subsystem  and  used 

Ij 

to  generate  the  control  signals  for  the  IMC#  The  detector  is  also  illuminated 
by  energy  from  a L0  laser  operating  on  the  same  line  as  the  remote  transmitter 

but  offset  by  30  MHz.  The  beating  of  these  two  optical  signals  produces  |a 

\ 

30  MHz  IF  signal  at  the  output  of  the  detector.  The  detector  depends  for  . 
proper  operation  on  being  maintained  at  approximately  110°K,  This  temperature 
is  achieved  by  mounting  the  detector  in  such  a way  as  to  provide  thermal  . . - * 
contact  with  a passive  radiator  which  has  a view  to  space.  The  radiator  is  ' 
mounted  facing  north  and  is  surrounded  by  a sunshield.  This  will  prevent 
any  direct  or  reflected  solar  radiation  or  infrared  radiation  from  other  * ■ ’ 
portions  of  the  spacecraft  from  impinging  on  the  radiator  through  any 
combination  of .a  sun  angle  and  spacecraft  attitude.  The  IF  signal  from  the’.; 
detector  is  amplified  and  detected  in  the  ^optical  receiver  and  appears  at... 
the  receiver  output  as  a video  signal  which  can  either  be  fed  to  a spacer  . 
craft  microwave  link  or  used  to  modulate  the  laser  transmitter,. 

In  addition  to  providing  local  oscillator  power  for  heterodyne  : f 
detection  of  the  received  signal,  the  laser  subsystem  contains  the  transmitter 
and  backup  lasers.  The  transmitter  laser,  operating  on  a frequency  different' : 
from  that  of  the  remote  transmitter,  contains  within  its  cavity  a gallium- 

.j'f 

arsenide  crystal  modulator  which  frequency  modulates  the  transmitter  with" 
the  video  signal  input.  The  transmitter  output,  which  is  polarized  in  the 
N-S  direction,  is  processed  by  beam  shaping  optics  and  transmitted  throubh  ' <. 
the  duplexer.  From  this  point  on,  the  transmitted  and  received  beam  shepro  * 
the  same  optical  path.  The  transmitted  beam  is  reflected  from  the  IMC  j , v 

which,  in  the  process  of  tracking  the  receiving  station,  serves  to  maintain 

■ * 
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the  transmitted  beam  also  pointed  at  the  remote  station.  From  the  DC,  the 
transmitted  beam  goes  through  the  relay  lens  and  the  telescope  and  Is  reflected 
from  the  coarse  beam  pointing  mirror.  Ihe  backup  laser  can  function  either  as 
a replacement  for  the  local  oscillator  or  the  transmitter  except  that,  when 
acting  as  a transmitter,  the  backup  laser  cannot  be  modulated.  The  laser 
electronics  performs  the  startup  and  frequency  control  functions  for  the  lasers; 
another  electronic  assembly  controls  the  function  of  searching,  acquiring,  and 
tracking  the  remote  station.  A power  supply  for  the  system  is  also  located  on 
the  baseplate  near  the  lasers. 

A summary  of  the  system  specifications  pertaining  to  the  LCE  trans- 
ceiver described  in  this  report  is  given  in  Table  2-1,  which  also  lists  the 
relative  values  cited  in  specification  GSFC-S-524-P-4C.  The  two  areas  of 
present  concern  are  power  and  weight.  The  values  in  the  GSFC  specification  were 
listed  as  design  goals  and  the  values  in  parentheses  represent  adjustments 
made  after  the  program  start,  subsequent  to  discussions  with  GSFC  personnel. 

Both  power  and  weight  reduction  programs  are  presently  under  way.  Several  areas 
of  potential  reduction  are  discussed  in  the  report.  , 

A summary  of  the  major  technical  design  and  performance  characteristics 
of  the  LCE  transceiver  subsystems  is  given  in  Table  2-2. 

-f 

2.4  SIGNIFICANT  TECHNICAL  ACHIEVEMENTS 

Fabrication  of  all  the  breadboard  subsystems  has  been  completed  and  1 
breadboard  systems  assembly  is  being  performed.  Several  critical  design  concepts 
have  already  been  verified  and  some  of  the  subsystem  performance  parameters 
have  been  demonstrated  by  breadboard  testing. 

During  acceptance  testing  of  the  laser  subsystem  breadboard,  the 
following  critical  performance  features  were  demonstrated:  -1' ' 

(a)  Automatic  laser  startup  and  laser  line  selection 

(b)  Frequency  stabilization  by  line  center  dither  technique  • 

(c)  Modulator  deviation  sensitivity  and  bandwidth  requirements 
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(d)  Local  oscillator  line  shape  and  a 30-MHz  offset  capability 

(e)  Heterodyne  detection  of  transmitted  beam 

(f)  Ability  of  a backup  laser  to  operate  on  either  transmitter 
or  local  oscillator  lines 

Fabrication  of  the  breadboard  optical  path  elements,  including  telescope 
(similar  in  design  to  the  flight  model  and  made  of  aluminum  rather  than 
beryllium)  indicates  its  performance  is  well  within  specification.  Preliminary 
testing  of  the  breadboard  acquisition  and  tracking  subsystem  has  shown  expected 
performance, 

Preliminary  testing  of  the  breadboard  receiver  has  demonstrated 

(1)  the  ability  to  generate  the  necessary  tracking  error  signals 
by  nutating  the  received  beam; 

(2)  adequate  performance  of  the  receiver  communication  functions 
for  the  LCE  requirements. 

Many  analyses  have  been  completed  in  order  to  define  the  detailed 
specifications  for  the  subsystems  of  the  LCE.  Some  of  the  more  important  of 
these  are: 

(a)  the  optical  train  analysis  which  has  specified  the  key  performance 
parameters  and  tolerances  for  each  optical  component  in  the  LCE; 

(b)  the  thermal  analysis  which  has  optimized  the  design  of  the  thermal 
radiator  and  sun  shield; 

(c)  the  acquisition  analysis  which  has  established  the  essential 
acquisition  technique  and  determined  the  acquisition  parameters; 

(d)  the  tracking  analysis  which  has  optimised  the  performance  of  the 
tracking  loop; 

(e)  the  communications  analysis  which  has  optimized  the  transmitter 
and  receiver  communication  parameters; 

(f)  the  link  analysis  which  has  determined  and  allocated  gains  and 
losses  in  the  system  such  that  the  signal-to-noise  ratio  requirements  of  this 
system  are  satisfied. 


REPRODUCIBILITY  OP  'rap 
ORIGINAL  page  is  poqH^ 


2-6 


Report  No.  4033,  Vol.  I,  Part  1 


Each  of  these  accomplishments  has  increased  our  confidence  in  the 
ability  of  the  LCE  to  meet  its  objectives,  of  course,  there  are  additional 
milestones  which  must  be  achieved  before  complete  confidence  is  established. 

A list  of  the  key  technical  milestones  and  the  tests  at  which  the  designs  will 
be  completely  verified  is  given  in  Table  2-3*  As  the  table  indicates,  the 

testing  plan  is  intended  to  uncover  problem  areas  and  prove  out  designs  at  the 

l 

earliest  possible  date.  Of  particular  importance,  is  the  use  of  the  functional 
test  model  as  a pre-prototype  unit  in  order  to  minimize  the  possibility  of  the 
prototype  failing  to  pass  the  qualification  test. 

Certain  areas  still  require  final  resolution,  although  the  results  of 
analytical,  experimental,  and  design  efforts  to  date  have  created  a high  level 
of  confidence  that  the  present  solutions  will  satisfy  the  LCE  requirements. 

In  particular,  these  include  (l)  the  laser  tube  lifetime  characteristics, 

(2)  fabrication  of  the  duplexer,  and  (3)  design  and  fabrication  of  the  radiation 
cooler.  Final  development  programs,  described  in  the  reports,  are  continuing 
on  an  intensive  level  and  final  resolution  is  expected  in  all  these  areas  before 
FTM  assembly. 

2.5  REPORT  CONTENTS 

The  objectives  of  the  experiment  and  the  manner  in  which  these  are  to 
be  met  are  discussed  in  Section  3 • A statement  of  the  system  performance 
requirements  as  outlined  in  the  system  specification  follows  in  Section  4.  In 
Section  5,  the  proposed  system  design  is  described  in  detail.  In  particular, 
this  section  includes  the  system  description  and  a summary  of  the  system 
analyses  in  Section  5.1;  detailed  descriptions  of  the  subsystem  requirements, 
design  trades,  designs  and  analyses  in  Section  5.2;  discussions  of  the  technical 
design  areas  in  which  development  is  still  required  and  a description  of  the 
continuing  development:  program  in  Section  5.3*  detailed  discussions  and 
descriptions  of  the  interfaces  between  the  spacecraft  and  the  experiment  in 
Section  5.4;  discussions  relative  to  the  feasibility  of  incorporating  the 
experiment  in  ATS-F  spacecraft  in  Section  5-5;  while  Section  5.6  discusses  the 
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experiment  operation  unde**  non-standard  conditions;  and,  quantitative  dis- 
cussions of  the  ability  of  the  experiment  to  perform  the  required  measurement r 
in  Section  5*7.  Section  6 is  a reliability  discussion  wherein  the  reliability 
requirements,  criteria  for  success,  and  predictions  relative  to  the  probability 
of  meeting  mission  requirements  are  discussed.  Hie  discussion  shows  that  the 
LCE  spacecraft  transceiver  is  capable  of  meeting  the  reliability  requirements 
allocated  to  it.  Section  7 discusses  the  test  plans  for  the  LCE  program,  and 
includes  flow  diagrams  and  detailed  herd;  out:i  Irios  for  each  of  the  hardware 
units.  Further  details  of  the  designs  and.  analyses  are  included  in  the  Appendices 
(part  2 of  Volume  l)  and  in  the  LCE  design  spool n eat  joss  (Part  3 of  Volume  l). 

As  stated  in  the  introduction,  this  report  was  prepares  in  conformance 
with  the  requirements  of  NASA  Specification  S-46q-ATS-19>  CLEF Crc  specification 
for  ATS-F  experiments,  design  study,  and  fabrication;  and  additional,  require- 
ments contained  in  GSFC  specification  S-524-P-4C  “10.6  Micron  Laser  Communica- 
tions Systems  Experiment  for  ATS-F. " These  specifications  emphasized  the 
fact  that  contents  rather  than  format  is  the  main  concern.  However,  in  order 
to  assure  that  all  of  the  requirements  are  covered.  Table  2-4  supplies  a 
cross-reference  between  the  requirements  of  the  two  specifications  and  the 
sections  in  this  report.  It  should  be  noted  that  all  of  the  requirements  listed 
have  an  accompanying  reference  to  a section  of  this  report  except  for  those 
dealing  with  the  Operational  Ground  Equipment  (OGE),  Bata  Acquisition  Plan, 
and  a Data  Processing  and  Reduction  Analysis  plan.  These  requirements  will  be 
discussed  in  Volume  II  of  this  report. 
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2.0  SUMMARY 

There  are  no  major  modifications  to  this  section.  The  status  of  the 
program  at  the  time  of  termination  is  described  in  the  modifications  summary  to 
Section  1.0.  The  systems  concept  is  the  same.  Modifications  to  the  system 
description,  where  appropriate,  are  presented  in  the  modifications  summary  of  the 
sections;  the  only  items  of  note  are  the  LCE  power  and  weight,  which  increased  to 
about  TO  watts  and  80  lbs,  respectively.  Additional  technical  achievements  include: 
near- completion  of  the  duplexer  development,  including  satisfactory  test  data  on 
preliminary  hardware;  design  of  a radiation  cooler  which  appeared  to  meet  the  LCE 
requirements  (hardware  development  testing  was  in  progress);  and  satisfactory 
operation  of  the  image  motion  compensator  had  been  demonstrated.  The  major  remaining 
uncertainty  at  the  time  of  termination  appeared  to  be  the  laser  tube  design  and 
its  associated  lifetime;  in  addition,  a few  design  concepts  still  required 
manifestation  in  hardware  fabrication  and  test.  On  the  other  hand,  a great  increase 
in  the  understanding  of  laser  tube  design  characteristics  and  lifetime  parameters 
had  been  achieved. 

In  order  to  present  an  up-to-date  picture  of  the  design  and  analysis 
status  at  the  time  of  termination,  this  report  contains  either  (l)  an  additional 
summary  at  the  end  of  each  section  or  (2)  handwritten  corrections  in  the  text  of 
the  major  modifications  of  the  data  presented  in  those  sections  that  were  incorpqrate'. 
since  the  initial  writing  of  this  report'.  .No  attempt  is  made  to  detail  the  modi- 
fications nor  the  analysis  that  went  into  the  changes,  but  in  some  cases  figures 
are  included  for  illustration.  Further  understanding  and  detail  of  the  design  can 
be  obtained  by  reveiw  of  the  viewgraphs  for  the  second  LCE  Design  Review  of 
9 and  10  September  1970*  In  addition,  a copy  of  the  action  items  generated  during 
the  5-6  August  1970  Design  Review  with  NASA/GSFC  personnel,  along .with  the  Aerojet, 
responses,  is  included  at  the  end  of  Part  2.  ! , . , ' 
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TABLE  2-1 

LCE  TRANSCEIVER  SYSTEM  SPECIFICATIONS 


Parameter 

Expected  Performance 

aSFC-d-524~p-4C 

'lYai. emitter  Reamvidtb 

' i ) Operational 

Jr  arc  Qe'  otK c 

Nut  r.peoifled 

(2)  Acquisition 

0.177  second  *> 

Not  specified 

Receiver  Beaiawidth 

30  arc  seconds 

Not  Bt«cifled 

Pre-Detection  Carrier-to-Noise  Ratio  *CNR) 

Not.  lees  than  23  db 

Same 

Pozt-Detec tion  Peak  Signal-to-Noise  Ratio 

Not  less  than  33  db 

23  db 

(p/s) 

Modulation 

FM 

Same 

Peak  Frequency  Deviation 

4 Mb: 

not  a peel fled 

Receiver  xF  Fend width 

JO  *6  MHz 

Not  specified 

Baseband  Response 

(1 ) Spaceboroe  Transceiver 

}•;  it  to  4.6  Mitt 
1.  ' to  6,0  MHz 

30  Hz  to  5.0  MHz 

(2)  Ground  iraneceiver 

l.><  to  o.O  MH? 

30  ilz  4j9  5-0  KHz 

Flux  Density  at  Receiver  Aperfcurt 

10"' ■ vatta/mecer''- 

. ICT9  watts/meter^ 

Coarse  Mirror- pointing 

Range : -40°  E~V«  :>/~C 

Pointing  in  0.1°  increments 
car  n axis 

Same 

Acquisition 

Turgot,  Location  Coverage:  -0,2° 
ca  scrii; 

Acquisition  Probability:  0.9 

Fa'  *>•  'Alarm  lime:  1100  seconds 

Acquisition  lime:  2?0  seconds 

Meets  intent  of  specification 

Acquisition  Tracking 

1 rucking  Range.  40.206°  each  avis 
Nutation  Radius-  8 arc  seconds 

Meets  intent  of  Specification 

Operational  Tracking 

Tr.V-xlng  Range:  io„20S°  each  axis 

Mutation  Radlue:  1.5  arc  sec 

.tracking  Accuracy:  43  arc  sec 

1 racking  Bandwidth:  5.1  Uz 

Response  Time:  0.11  second a 

Meets  intent  of  specification 

Prime  Power 

5?.;  watts* 

30  watte  ('*'42  watts/* 

Wsight 

€#„fe  lb* 

30  lb  (53.7  lb)+ 

Site 

30  in  x 24  in  x l6  in  plus  radiation 

cooler  shield,  satisifies  ATS 

Meets  intent  of  specification 

interface  requirements 

Lifetime 

2.0  >•;  hr  in  2 years  at  $Of>  probability 
of  success 

Meets  intent  of  specification 

Environment 

(l)  Tempe  rature 

Qualification  ~5°C  to  45°c 

Nominal  S jc  LCE  interface  Temperature 

lio°c 

(2)  vibration 

Meets  intent  of  specification 

To  withstand  ATS  environment  Specified 

in  ‘’.aPC  3-320-AV3-2A 

♦Details  of  these  values  are  given  in  sections  5T«4.t  and  5 .4.3.  Reduction  programs  are  under  way* 

^Stated  as  design  goals  in  specification.  Numbers  in  parenthesis  are  adjusted  values  generated  after 
program  start  after  discussions  with  NASA  personnel. 
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TABLE  2-2 

SUMMARY  OF  SUBSYSTEM  MAJOR  TECHNICAL  CHARACTERISTICS 


Laser  Subsystem 

Transmitter  Laser  Power  Output: 

LO  Laser  Power  Output: 

Back-Up  Laser  Power  Output: 

Laser  Output  Beam  Characteristic: 


Laser  Tube  Type: 

Transmitter  Laser  Length: 

Back-Up  Laser  Length: 

LO  Laser  Length: 

Laser  Tube  Key  Material: 

Operating  Lines: 

Modulator : 

Peak  Frequency  Deviation: 

Opto-Mechanical  Subsystem 

Telescope  2Ype: 

Telescope  Power: 

Telescope  Primary: 

Transmitter  Beamwidth  (Operate): 
Transmitter  Beamwidth  (Acquisition) : 
Receiver  Beamwidth: 

Dtp  lexer : 

IMC: 

Nut at or: 


Received  Signal  Airy  Disk  Diameter: 

LO  Airy  Disk  Diameter: 

Optical  Hetero dyne  Receiver  Subsystem 
NEP: 

Mixer  Diameter: 

IF  Bandwidth: 

Automatic  Gain  Control  Dynamic  Range : 
Output  Video  Level: 


650  mw  at  end  of  2 -year  life 

85  mw  at  end  of  2-year  life 

650  mw  at  end  of  2-year  life  ^ 2 

3.0  JO.  12  mm  beam  diameter  between  (— ) 

relative  power  levels,  diffraction 

limited,  collimated  beam 

3-electrode,  coaxial,  metal-ceramic  tube 

12.5  in. 

10  in. 

9 in.  long 
BeO,  Kovar 
P(20)  and  P(l6) 

In-cavity  GaAs  electro-optic  modulator 
4 MHz 


Cassegrain  concentric 
lOx 

7.75  in. 

12  isec*  between  3 db  points 
.178  degrees  between  3 db  points 
30  sec  between  3 db  points 
Wire  grid  polarizer  on  Ge  substrate 
Piezoelectric  driven  mirrors  in  two 
orthogonal  axes,  up  to  2°  off-axis  mot i or 
Piezoelectric  driven  mirror  in  two  ortho- 
gonal axes,  to  circularly  nutate  the 
received  beam  at  100  Hz  rate 
.17  mm  . 2 

.64  mm  between  (~)  of  power  points 

1 x 10~19  watts/Hz  (95»108°K);  1-5  x 10“3 
watts/Hz  (125°K  with  a design  goal  of  10“ 
0.2  mm 
30  +6  MHz 
12  db 

1 volt  peak«to«peak  +0»5  db 


Table  2-2 
(Sheet  1 of  2) 


Report  No*  4033*  Vol.  I,  Part  1 


TABLE  2-2  (cont.) 


Acquisition  and  Tracking  Subsystem 

Target  Location  Coverage : 

Acquisition  Probability: 

False  Alarm  Time: 

Acquisition  Time: 

Receiver  Beam  Scan  Pattern 

Consecutive  Line  Displacement : 

Line  Rate: 

Acquisition  Tracking 
Tracking  Range: 

Nutation  Radius: 

Operational  Tracking 
Tracking  Accuracy : 

Tracking  Bandwidth: 

Response  Time: 

Nutation  Radius : 

High  Voltage  and  Low  Voltage  Power  Supply 

Transmitter  Laser  Starting  and  Oper- 
ating Power: 

Back-Up  Laser  Starting  and  Operating 
Power: 

LQ  Laser  Starting  and  Operating  Power: 
Nutator,  IMC,  and  Cavity  End-Mirror 
Tuner  Power  Supply: 

Low  Voltage  Power  Supply: 

Command  and  Telemetry 
Number  of  Commands : 

Number  of  Analog  Telemetry  Channels : 
Number  of  Digital  Telemetry  Channels: 
Wideband  Telemetry  Channels : 

Thermal  and  Radiation  Cooler  Subsystem 
- ‘ J ’ 

Mixer  Temperature  Range: 

Maximum  Electronic  Component 
Temperature : 


+0.2"  each  axis 
0.9 

1100  sec 
220  sec 

11.6  arc  3ee 
1.72  sec/llne 

+208°  each  axis 
H arc  sec 

+3  arc  sec 
5.1  Hz 
0.11  sec 
1.5  arc  sec 


2000  V 

2000  V 
800  V 

225  v 

+12  V,  + 5 V 


33  commands ; 4 of  these  commands  will 
consist  of  a series  of  pulses 
31  channels,  max  bandwidth  10  Hz 
2 channels 

I channel,  10  KHz  bandwidth 

n j-0  j summer  solstice  ll4°K/+10°  un~ 

II  ) winter  solstice  98 °K  certainty 

60 °K  at  highest  spacecraft  LCE  inter- 
face temperature 
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Breo<U>!»rd  Tooting  Verifies  the  validity  of  the  design  concepts  and  determine*  the  parameters  for  tse  lr.  farther  opiielie',  lor  of  system  2e#iga, 

System  level  teatlng  In  conjunction  with  approval  of  the  deplrr  report,  will  serve  as  the  basis  for  FTM  assembly. 

Several ~ f (motional  "design" concepts  vlll  be  vetlfied  duing  BM oey stem  level  te3tir.£. 

Functional  Teat  Model  Toot  lag  Serve#  to  prove  the  performance  capability,  environmental  integrity,  and  interface  compatibility  of  the  LCZ  transceiver 

and  to  old  In  early  identification  of  potential  problem#  that  may  prevent  the  prototype  frcm  passing  Qualification  feet#. 

The  FTM  will  be  fabricated  as  close  to  the  f light -model  design  as  1#  possible  at  that  stage  of  development . System  level 
testing  Vlll  be  the  basis  for  prototype  and  Blight  modal  assembly,  Several  function  and  environmental  design  eoseept# 
will  bT  verified  during  «tb  ay  stem-assembly  level  testing. 

arotctypo  Testing  Qualifies  the  flight  model  design.  Several  of  the  subeyetems  will  ha  Qualified  before  system  assembly. 


FUHCTfOK  

Laser  Startup  and  Stab ill tat ion 

iieaonotrato  startup  operation  end  aittcratic  Una  selection 

temarmtmte  Amplitude  and  frequency  stability 

Acquis it  Ion  and  Tracking 

Demonstrate  DC  and  mrtator  pgrfaraance 

Demonstrate  course  pointing  mirror  performance 

DsSBistrete  acquisition  end  tracking  euosywteo  performance 

COMSUHlCfttX<UL9 

Achieve  required  transmitter  end  local  oscillator  power  out  Jut 
Determine  transmitted  and  received  antenna  patterns 
Demonstrate  modulator  parfarmance 
jfcctmstroto  receiver  sensitivity 


TSSTTOC.  PERIOD 

Breadboard  Subsystem'/System  Tests 

Breadboard*  (Inver  baseplate)  and  PIN  Subsyrtsa/Systooi  Teste  (CS3TVET  baseplate) 

Breadboard  Subsynteor*/ System  Tests 
FTM  Suboyetem/System  TestB 
Breadboard  System  Tests 

Pin  Subsystem/System  Tests 
Breadboard  and  FTM  System  Tests  (Telescope 
Breadboard*  end  FTM  Subsysten/eyotem  Teats 
f TO  3ubsystem/Systaa  Tests 


design  clierged  from  Breadboard  to  FIX) 
(Modulator  design  my  change  from  Breadboard  to 


rot) 


tesonstrute  receiver  perfeanannns 

Radiation.  Cooler  Performance  & terironmeirtol  Effects 
Dsaonntrate  Ability  to  Withstand  Vibration 

Demnurtrate  Cooling  Performance  In  Thermal  Vacuum 


Breadboard  System  Tests 

Development  Tests  on  Structural  Model  of  Radiation  cooler  end  during  FTM  System  Teats 

Development  Tests  on  Structural  Model  (comparison  to  predicted  values  for  rough  ounshield 
surface)  and  during  FTM  Subsystem  TestB 


Inner  Performance  A Epylrtmaental/Lifo  Effects 

Achieve  required  transmitter,  local  oscillator,  and 
hookup  Inner  efficiencies 

Achieve  2000  hours  life  on  ceramic  laser  tube 

DtBXEurtrate  experimentally*  lifetime  reliability  of 
flight  configured  laser  tubes 

demonstrate  ability  of  laser  tubes  to  withstand  vibration 

HI™*  Porforawy»ce  and  Enviromeental  Effects 

Daroistmto  ability  of  mtxar  to  withstand  vibration 

Achieve  required  HEP  over  operating  temperature  rongo 


FTM  Subsystem/Syatcm  Tests 


Basic  Laser  Tube  Life  Test  Program  performed  in  conjunction  with  FTM  development 

Extended  Laser  Tube  life  Test  Program  (proposed)  performed  In  conjunction  With  FIX 
development  and  completed  prior  to  Prototype  System  delivery 

Breadboard  development  teste* , Basic  Laser  Tube  Life  Test  Program  end  FIX  System  Tests 

Development  tests  performed  in  conjunction  with  FTM  development  end  during  FIX  Subsystem/ 
By stem  Tests 

Development  teets  performed  in  conjunction  with  FTM  end  prototype  development  end  during 
Prototype  Bubeyeteto/System  Tests. 


Adflltlvmai  Bov  trttflagntal/  life  Effects 

Ssoasfltnta  ability  to  mlntaln  allgneamt 

BuittsU  eearae  painting  mirror  OMWfely  ability  to 
withstand  vibration  and  vacnat  Ufa  performance 


FTM  flub system/ System  Tests 

Assembly  qualification  level  amt  life  teste  to  be  performed  in  conjunction  With  FTM 
dervolojn»nt  and  00  tuple  ted  prior  to  Prototype  Subsystem  delivery 


O 
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TABLE  2-4 


LCE  DESIGN  SliJDY  REPORT  SPECIFIC-REQUIREMENTS  SUMMARY 


Requirements 


Description 


.Define  experiment  objectives 


Discuss  ability  of  experiment  to 
meet  its  objectives 


Discuss  feasibility  & practica- 
bility of  including  experiment 
into  the  ATS-F  S/C 


Describe  operation  of  the  experi- 
ment 


Results 


Comments 


Based  on  GFSC-S-24-P-4C 


Includes  laser  tube,  dup 
er  and  radiation  cooler 


Recommend  any  special  ground 
equipments 


Describe  interface  between  S/C  and 
experiment 


State  expected  lifetime  of  the 
experiment 


Outline  the  Test  Plan  for  qualify - 
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3 - 0 OBJECTIVES  OF  THE  EXPERIMENT 

The  fundamental  objective  of  the  Laser  Communications  Experiment  is 
to  ascertain  the  practicality  of  wideband  optical  communications  between  a 
spacecraft  and  a ground  station,  and  between  two  orbiting  spacecraft  using  the 
10. 6-micrometer  radiation  from  a carbon-dioxide  laser , and  to  establish  the 
resulting  efficiency  that  can  be  effected  in  terms  of  communication  bandwidth 
per  pound  and  per  watt  on  the  spacecraft. 

i 

The'  objective  will  be  achieved  in  two  phases.  These  will  entail: 

(a)  Designing,  fabricating  and  ground  testing  of  the  space 
and  ground  equipment  for  spacecraft- to- ground  and 
spacecraft- to- spacecraft  communication  links;  and, 

(b)  Performing  experiments,  tests,  and  measurements  with  the  . 
deployed  hardware. 

*•  -The  design,  fabrication  and  testing  phase  will  lead  to  a greatly  increased 

understanding  of  the  practicality  of  spacecraft  wideband  optical  communications. 

In  particular,  this  phase  will: 

(a)  Establish  the  analytical  trades  between  the  required  system/ 
subsystem  characteristics  and  the  system  performance; 

(b)  Establish  the  physical  parameters;  such  as  size,  weight,  and 
power,  as  a function  of  potential  system  performance  and 
the  available  trades  between  these  parameters; 

(c)  Establish  equipment  and  procedures  for  "hands-off " startup, 
acquisition,  tracking  and  operation  of  spaceborne  optical 
communication  system; 

(d)  Establish  design  parameters  for  long  life  of  components 
required  in  a spaceborne  optical  communications  system; 

(e)  Establish  design  parameters  for  the  equipment  to  survive 
launch;  and. 
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(f)  Establish  design  data  in  relatively  new  developmental 
areas  such  as  radiation  cooling,  laser  tube  character- 
istics, line  selection  mechanisms,  and  modulators. 

The  second  phase  involving  data  gathering  after  deployment  of  the  equip- 
ment, will  result  in  actual  performance  parameters  for  a spaceborne  optical 
communications  system.  In  particular,  after  deployment  of  ATS-F,  this  phase 
will: 

(a)  Verify  the  design  and  ground  test  data  on  all  items  in 
the  preceding  paragraph; 

(b)  Measure  the  parameters  required  to  determine  the 
practicality  and  potential  quality  of  wideband  optical 
communications  between  a spacecraft  and  ground  station; 

and,  after  the  ATS-G  is  deployed,  this  phase  will: 

. (c)  Verify  ability  for  space-to- space  acquisition  and 
>■  operation  of  an  optical  communications  system; 

(d)  Establish  the  link  performance  without  atmospheric 
attenuation;  and, 

(e)  Provide  data  on  S/N  and  other  performance  parameters  as 
a function  of  zenith  angle  over  a wider  range  of  zenith 
angles  than  is  attainable  with  only  ATS-F  deployed. 

The  data  gathering,  during  the  second  phase,  will  include,  as  a minimum,  the 
following  tests: 

1.  s/lf  asJ  a function  of  atmospheric  parameters; 

2,  s/n  as  a function  of  receiver  aperture  (Note:  This 
objective  is  being  met  by  a separate  ground  station 
which  is  not  being  developed  by  Aerojet); 

3-  s/n  as  a function  of  zenith  angle; 

4.  Space  background  noise  (sun,  starts,  etc.); 
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5.  Laser  power  output  as  a function  of  total  elapsed  time 
and  operating  tine  in  the  space  environment; 

6.  Temperature  and  noise  figure  of  the  mixer/radiation 
cooler  as  a function  of  satellite  orientation  and 
time  of  year; 

?.  Round-trip  and  one-way  data  duality  compared  to  a 
reference  microwave  link; 

8.  Laser  frequency  stability  in  the  space  environment;  and, 

9.  Spacecraft  attitude  determination  from  laser  data. 

It  should  be  noted  that  these  are  not  the  only  measurements  that  are  expected 
to  be  taken  during  the  course  of  the  eixperiment . Further  discussions  will  be 
presented  in  Volume  II  of  the  Design  Study  Report. 

The  manner  in  which  each  of  the  experiments  noted  as  numbers  (i) 
through  (9)  above  will  be  performed  with  the  LCS  equipment  described  in  the 
present  report,  is  discussed  in  Section  5*7^  along  with  the  expected  quantitative 
results. 
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4.0  SYSTEM  REQUIREMENTS 

The  system  requirements  cited  in  GSFC-S- 52^—  P-46,  ”10.6  Micron  Laser 
Communications  Experiment  for  ATS-F"  require  that  the  LCE  he: 

a.  Compatible  with  the  ATS-F  spacecraft; 

b.  Able  to  operate  in  certain  communication  modes;  and, 

c.  Able  to  meet  functional  and  performance  specifications. 

The  interface  with  the  ATS-F  spacecraft  is  defined  in  GSFC-S-460- 
ATS-3S  (ATS  F & G.  1900)  "ATS-F  Experiment  Interface  Specification.”  In  addition, 
the  design  must  be  able  to  pass  the  tests  defined  in  GSFC-S- 320- ATS- 2B,  ’’ATS-F 
and  G Environmental  Test  Specifications  for  Components  and  Experiments"  and  in 
accordance  with  other  applicable  documents  listed  in  GSFC-S- 524- P- 46. 

The  LCE  must  be  able  to  operate  in:  (l)  Atmospheric  Propagation 

Experiment  Mode,  (2)  Two-Way  Laser  Communications  Mode,  (3)  Down-Link  Laser  Mode, 
and  (4)  Data  Relay  Mode.  Operations  in  these  modes  is  illustrated  in  Figure  2-2. 

The  LCE  must  be  able  to  meet  functional  and  performance  specifications 
in  accordance  with  GSFC-S- 524- P-46.  A summary  of  these  specifications  is  given 
in  Table  2-1,  along  with  the  expected  values  for  the  LCE  transceiver  described 
in  this  report. 

The  AGC  systems  specification  for  the  LCE  can  be  found  in  Part  3 of 


this  report. 


5.0  PROPOSED  SYSTEM 
DESIGN 


5,1 


Report  No.  4033>  Vol.  I,  Part  1 


5 . 0 PROPOSED  SYSTEM  DESIGN  AND  ANALYSIS 

In  order  to  meet  the  objectives  of  the  experiment  and  fulfill  the 
system  performance  requirements , a rigorous  analysis  and  design  effort  was  per- 
formed. This  resulted  in  a transceiver  design  which  satisfies  the  requirements 
as  stated  in  GSFC-S- 524-P-4C,  "10. 6-Micron  Laser  Communications  System  Experi- 
ment for  ATS-F,"  dated  January  1969.  The  details  of  the  design  and  analysis  are 
presented  here.  Specifically , Section  5-1  deals  with  the  system  description  and 
provides  a summary  of  the  system  analysis;  Section  5*2  describes  the  design  and 
analysis. of  the  subsystems;  technical  areas  wherein  development  is  continuing 
are  defined  in  Section  5*3? which  includes  a description  of  the  development  pro- 
grams; details  relative  to  the  space craft /experiment  interface  are  given  in 
Section  5*^G  'the  feasibility  of  including  the  experiment  on  the  ATS-F  spacecraft 
is  discussed  in  Section,  5*5$  LCE  operation  under  non-standard  conditions  is 
described  in  Section  and  the  ability  of  the  LCE  to  meet  the  objectives  of 

the  experiment  noted  in  the  GSFC  specification  is  assessed  in  Section  5*7* 

Details  of  the  analysis  and  design  are  included  in  the  appendices  which  comprise 
Part  2 of  this  report  volume. 

5.1  SYSTEM  DESIGN  AND  ANALYSIS 

The  system  and  subsystem,  along  with  their  operation,  are  described, 
as  is  the  manner  in  which  they  combine  to  perform  the  required  system  functions. 

In  addition,  the  analyses  performed  (link,  communications,  acquisition,  and 
tracking)  as  the  basis  for  determining  the  required  system  and  subsystem  perfor- 
mance characteristics  are  described  and  the  results  summarized. 

5.1.1  System  Description  and  Operation 

The  LCE  transceiver  (Figure  5*1. l-l)  is  comprised  of  laser  subsystem, 
optical/mechanical  subsystem,  optical  heterodyne  receiver,  acquisition  and  track- 
ing subsystem,  high-  and  low- voltage  power  supplies,  command  and  telemetry  sub-  . 
system,  and  thermal  and  radiation  cooler  subsystems.  In  addition,  associated  with 
the  ground  model  is  an  up- converter/down- converter  subsystem  (not  shown  on  the 
block  diagram).  A summary  of  the  system  specifications  is  given  in  Table  5.1. 1-1. 
As  a complete  system  the  transceiver  is  designed  to: 
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a.  Place  Itself  on  operational  status  upon  command , within  one-half 

hour; 

b.  Acquire  and  establish  a two-way  communications  link  between  a 
ground  station  and  a synchronous  satellite  under  the  following  conditions : 

1.  Satellite  attitude  uncertainty  of  +0.2°  along  each  axis 

2,  Satellite  maximum  roll  rate  of  0.001°/sec. 

c.  Provide  a simultaneous  two-way  communications  link  using  an  PM 
10.6-micron  carrier  having  an  information  bandwidth  capability  of  5 MHz  (low 
distortion)  and  a pre-detection  CNR  and  post-detection  peak  signal- to- noise  ratio 
of  at  least  23  db; 

d.  Track  the  received  energy  at  angular  rates  up  to  0.01°/sec;  and, 

e.  Provide  the  telemetry  data  required  for  operating  the  trans- 
ceiver and  accomplishing  the  experimental  objectives. 

The  features  of  the  seven  major  LCE  subsystems  noted  above  are  com- 
bined to  provide  a transceiver  which  performs  these  functions.  The  performance 
functions  of  the  subsystems  summarized  below  are  described  in  detail  in  Sections 
5.1.2  and  5-2. 

(a)  Laser  Subsystem.-  Three  lasers  with  their  associated 
control  loops  comprise  the  laser  subsystem.  The  laser  transmitter  generates  fre- 
quency modulated  carriers  at  10.6  microns.  The  laser  local  oscillator  generates 
the  reference  signal  to  be  heterodyned  with  the  received  signal  to  produce  an 
instantaneous  IF  signal  at  30  .+  4 MHz.  . In  addition  to  being  used  as  a backup 
transmitter  (without  FM  modulation)  or  backup  local  oscillator,  the  backup  laser 
is  used  in  conjunction  with  the  transmitter  or  local  oscillator  to  permit  system 
self-check. 

(b)  Optical/Mechanical  Subsystem.-  In  performing  the 
required  coupling  and  beam  shaping  functions  the  optical/ mechanical  subsystem: 

(l)  Couples  the  transmitter  output  to  the 

telescope; 

,(2)  Separates  the  transmitted  and  received  beams 
to  permit  operation  with  .one  telescope;  • 
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(3)  Provides  a means  for  tracking  the  angle  of  the 
received  beam  for  pointing  the  transmitter  beam; 


(4)  Couples  the  transmitter  output  00  the  coarse 
mirror  by  by-passing  the  telescope  in  order  to  facilitate  acquisition; 


backup  laser  is  used; 


(5)  Performs  functions  (l)  through  (4)  when  the 


(6)  Couples  the  received  energy  (collected  by 
telescope  aperture)  and  focuses  it  on  the  receiver  mixer; 


\ (7)  Couples  the  local  oscillator  power  and  com- 
bines it  with  the  receiver  signal  to  provide  the  required  illumination  of  the 
mixer; 


used; 


(8)  Performs  function  (5)  when  backup  laser  is 


(9)  Couples  and  combines  the  transmitter  and 
backup  laser  power  to  the  mixer  for  self-checking  and  PM  noise  measurement; 

(10)  Couples  and  combines  the  local  oscillator 
and  backup  laser  power  to  the  mixer  for  self- checking  and  PM  noise  measurement; 
and 

(11)  Extracts  fraction  (l  percent)  of  laser  power 
output  for  power  measurement  and  identification  of  laser  operating  line. 

(c)  Optical  Heterodyne  Receiver  Subsystem.-  This  sub- 
system mixes  the  received  FM  carrier  with  the  local  oscillator  signal  using  a 
(Hg-Cd)Te  photovoltaic  mixer  resulting  in  an  instantaneous  intermediate'  frequency 
°f  30+4  MHz.  The  receiver  IF  bandwidth  is  30+6  MHz.  Outputs  of  the  receiver 
include : 

(1)  Video  Signals 

(2)  Tracking  Error  Signals 

(3)  Automatic  Frequency  Control  Signals 

(4)  Acquisition  Pulses  . 

.(5)  Acquisition  Confirm  Pulses 
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(d)  Acquisition  and  Tracking.-  The  required  control 
signals  generated  by  this  subsystem  sequence  the  acquisition,  and  provide  the 
acquisition  receiver  scan  pattern  and  the  acquisition  operational  nutation 
driving  voltages.  The  angle- of- arrival  tracking  servo  loop  performs  the 
acquisition  and  operational  tracking  functions. 

(e)  High  Voltage  and  Low  Voltage  Power  Supplies.-  The 
power  required  to  operate  the  laser  and  the  low  voltages  required  to  operate  the 
transceiver  are  provided  by  this  unit.  Redundant  high-voltage  power  supplies 
are  provided  for  greater  reliability  by  the  transmitter  and  local  oscillator. 

(f)  Command  and  Telemetry  Subsystem.-  Commands  from 
the  spacecraft  are  coupled  and  shaped  as  necessary  by  this  subsystem  for  dis- 
tribution within  the  transceiver.  The  telemetry  section  couples  various  telemetry 
outputs  and  shapes  them  as  necessary  to  be  compatible  with  the  LCE-S/c  telemetry 
interface . 

(g)  Thermal  and  Radiation  Cooler  Subsystem.-  The  radi- 
ation cooler  maintains  the  receiver  mixer  temperature  at  110  + 15  K.  The  thermal 
subsystem  maintains  the  required  temperature  gradients  to  meet  the  laser  and 
optical  alignment  requirements  and  maintains  the  electronic  components  at  the 
required  temperatures. 

A perspective  view  of  the  LCE  transceiver  package  is  shown  in  Section 
2.0  and  a schematic  of  the  optical  path  in  the  transceiver  is  given  in  Figure 
5. 1.1-2.  The  baseplate  of  the  experiment  equipment  mounts  on  the  north  face  of 
the  ATS  spacecraft  with  the  beam  pointing  mirror  housing  facing  the  earth.  A 
viewing  port  in  this  earth  facing  side  of  the  spacecraft  will  accommodate  the 
beam  pointing  angles  of  +40°  E/W  and  +8°  N/S.  This  capability  will  permit  the 
LCE  transceiver  to  communicate  not  only  with  a ground  based  station,  with  allowance 
for  spacecraft  attitude  variations,  but  will  also  allow  communication  with  another 
satellite  borne  transceiver  (e.g.,  another  ATS  satellite).  Below  the  coarse  beam 
pointing  mirror  is  the  Cassegrain  telescope  which  functions  as  the  optical 
antenna  of  the  system.  Energy  received  from  the  remote  station  is  collected  and 
relayed  by  means  of  the  telescope  and  relay  lens  to  the  Image  Motion .Compensator 
(IMC)  as  a 0.78-in.-dia  collimated  beam.  From  the  IMC,  the  received  beam  is 
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focused  onto  the  detector  or  optical  mixer.  The  IMC  performs  the  function  of 
tracking  the  remote  station  so  that  the  image  of  the  energy  from  this  station  is 
always  maintained  on  the  detectors.  The  signals  for  controlling  the  IMC  are 
derived  by  nutating  the  image  of  the  received  beam  in  a very  small  circular 
pattern  on  the  detector.  This  nutation  produces  a small  amount  of  amplitude 
modulation  on  the.  received  signal  which  is  detected  in  the  receiver  subsystem  and 
used  to  generate  the  control  signals  for  the  IMC.  The  detector  is  also  illumi- 
nated by  energy  from  a local  oscillator  laser  operating  on  the  same  line  as  the 
remote  transmitter  but  offset  by  30  MHz.  The  beating  of  these  two  optical  signals 
produces  a 30  MHz  intermediate  frequency  (IF)  signal  at  the  output  of  the  detector 
The  detector  depends  for  proper  operation  on  being  maintained  at  approximately 
110° K.  This  temperature  is  achieved  by  mounting  the  detector  in  such  a way  as 
to  ensure  good  thermal  contact  with  a passive  radiator  which  has  a view  to  space. 
The  radiator,  which  is  mounted  facing  norths  is  surrounded  by  a sunsbield.  This 
prevents  any  direct  or  reflected  solar  radiation  or  infrared  radiation  from 
other  portions  of  the  spacecraft  from  impinging  on  the  radiator  through  any  com- 
bination of  sun  angle  and  spacecraft  attitude.  The  IF  signal  from  the  detector 
is  amplified  and  detected  in  the  optical  receiver  and  appears  at  the  receiver 
output  as  a video  signal  which  can  either  be  fed  to  a spacecraft  microwave  link 
or  used  to  modulate  the  laser  transmitter. 

In  addition  to  providing  local  oscillator  power  for  heterodyne 
detection  of  the  received  signal,  the  laser  subsystem  contains  the  transmitter 
and  backup  lasers.  The  transmitter  laser,  operating  on  a frequency  which  is 
different  from  that  of  the  remote  transmitter,  contains  within  its  cavity  a 
gallium-arsenide  (GaAs)  crystal  modulator  which  frequency  modulates  the  trans- 
mitter with  the  video  signal  input.  The  transmitter  output,  after  being  processed 
by  beam-shaping  optics,  is  transmitted  through  the  duplexer.  From  this  point  on, 
the  transmitted  and  received  beam  share  the  same  optical  path.  The  transmitted 
beam  is  reflected  from  the  IMC  which,  in  the  process  of  tracking  the  receiving 
station,  serves  to  maintain  the  transmitted  beam  also  pointed  at  the  remote 
station.  From  the  IMC,  the  transmitted  beam  goes  through  the  relay  lens  and  the 
telescope  and  is  reflected  from  the  coarse  beam  pointing  mirror.  The  backup  laser 
can  function  either  as  a replacement  for  the  local  oscillator  or.  the  transmitter 
except  that,  when  acting  as  a transmitter,  the  backup  laser  cannot  be  modulated. 
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Before  the  communication  functions  can  he  accomplished,  two  other 
operations  must  be  performed.  The  first  is  the  start-up  and  stabilization  of  the 
transmitter  and  local  oscillator  (LO)  laser,  while  the  second,  is  the  search 
acquisition  and  tracking  of  the  remote  station.  Start-up  is  initiated  by  apply- 
ing the  necessary  high  voltage  to  the  laser  tubes  to  start  and  maintain  the 
discharge.  Approximately  30  min.  is  required  to  attain  thermal  equilibrium,  at 
which  time  frequency  stabilization  of  the  lasers  can  begin.  This  is  accomplished 
by  varying  the  effective  length  of  the  optical  cavity  by  means  of  a piezoelectric 
tuning  device.  This  device,  which  is  capable  of  covering  the  complete  free- 
spectral  range  of  the  laser  cavity,  is  scanned  through  this  range  until  an  output 
is  detected  on  the  line-selecting  power  meter.  At  that  time,  the  frequency  search 
is  stopped  and  the  laser  is  stabilized  on  the  center  of  the  selected  line.  To 
maintain  the  laser  frequency  on  the  center  of  the  line,  the  piezoelectric  tuning 
(PZT)  device  is  "dithered"  a small  amount  (corresponding  to  a change  in  laser 
frequency  of  +300  KHz)  and  the  resulting  slight  changes  in  laser  power  output, 
as  indicated  by  the  power  meter,  are  fed  back  through  a control  loop.  The  LO 
frequency  is  stabilized  in  the  same  manner  as  the  transmitter  frequency  except 
that,  once  stabilized,  the  LO  frequency  is  offset  (by  offsetting  the  P2T)  by 
30  MHz  from  the  line  center.  At  this  time  the  search  and  acquisition  functions 
can  begin. 

The  first  step  in  performing  the  search  and  acquisition  functions  is 
to  command  the  coarse  beam  pointing  mirror  to  point  at  the  remote  station. 

Although  the  resolution  of  the  coarse  beam  pointing  mirror  is  0.02°,  uncertainties 
in  spacecraft  attitude  determination  may  cause  errors  in 'the  direction  of  the  beam 
pointing  mirror  as  great  as  0.2U.  ; Therefore  a flip  mirror  is  used  to  divert  the 
transmitted  beam  from  its  normal  path  and  broaden  it  so  as  to  illuminate,  although 
at  a lower  intensity,  the  entire  uncertainty  area  of  0.2  x 0.2°.  The  IMG  is  then 
commanded  to  scan  the  field  of  view  of  the  receiver  in  a 0.2°  x 0.2°  128-line 
raster  pattern.  When  the  receiver  detects  the  signal  from  the  remote  station, 
the  scanning  operation  is  stopped,  acquisition  is  confirmed,  and  the  system  auto- 
matically is  placed  in  the  tracking  mode.  The  transmitted  beam  is  then  returned 
to  its  normal  diameter  and  the  local  oscillator  is  locked  to  a fixed  offset  from 
the  received  frequency.  The  communication  system  is  now  ready  for  use. 
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5. 1.1.2  Systems  Operations 

The  four  LCE  operating  modes  or  phases  are : (l)  Start- up , 

(2)  Acquisition,  (3)  Operation,  and  (4)  Backup  Operations.  These  are  summarized 
as  follows.  ; 

5.1. 1.2.1  Start-Up  Phase 

The  time  allocated  for  the  start-up  phase  is  one-half  hour.  That 
time  is  used  to  bring  the  transceiver  to  operational  status  which  is  necessary 
in  order  to  initiate  acquisition  and  subsequent  operational  phases  of  the  experi 
ment.  The  following  specific  actions  will  take  place: 

a.  Commands  will  be  sent  to  turn  on  the  low  voltage  power  supplie 

b.  Commands  will  be  sent  to  turn  on  the  transmitter  and  local 
oscillator  laser  high-voltage  power  supplies.  The  high  voltage  will  be  applied 
to  the  laser  tubes  in  two  steps.  First,  from  3000  to  5000  volts  (starting 
voltage)  will  be  applied  to  the  tubes.  As  soon  as  the  laser  tubes  start  to 
operate,  this  voltage  will  drop  automatically  to  the  nominal  operating  level  of 
1500  to  2000  volts. 

c„  Commands  will  be  sent  to  set  the  acquisition  pulse  threshold 
and  acquisition  confirm  threshold  levels. 

d.  At  the  same  time,  the  transmitter  assembly  and  the  local  oscil 
lator  assembly  will  automatically  initiate  the  search  for  the  appropriate  laser 
operating  line  by: 

1.  Sweeping  the  laser  cavities  over  a \/2  interval  until 
the  correct  operating  lines  are  identified,  at  which  time,  the  line  search  will 
cease;  and, 

2.  Locating  the  maximum  power ■ point  on  the  power- frequency 
profile  by  dithering  the  cavity  length  and  comparing  the  phase  of  the  resulting 
laser  power  amplitude  modulation  with  the  dither  driving  voltage.  At  the  peak 
of  the  power- frequency  profile,  the  error  signal  will  be  zero. 
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e.  The  following  telemetry  data  will  "be  reviewed: 

1.  Power  supply  status 

2.  Laser  power 

3.  Mixer  element  and  modulator  crystal  temperature 

4.  Receiver  Automatic  Gain  Control  (AGC)  voltage 

5.  Mixer  bias  current 

6.  Image  Motion  Compensator  (IMC)  and  nutator  position  voltages. 

f.  The  spacecraft  ephemeris  data  will  be  obtained  and  the  position 
of  the  coarse  mirror  at  the  time  of  the  acquisition  sequence  will  be  determined. 

At  the  completion  of  these  steps,  the  transceiver  will  be  ready  to 
initiate  the  acquisition  phase. 

5. 1.1. 2. 2 Acquisition  Phase 

During  acquisition,  the  transmitter  beams  of  both  stations  will  be 
broadened  and  the  receivers  of  both  stations  will  be  spatially  scanned  simul- 
taneously. Both  receivers  will  be  scanned  in  a rectangular  search  pattern,  with 

scan  retrace  at  the  end  of  each  horizontal  sjoan  line.  The  transmitter  beams  will 

6 3S\.s  g2g- 

be  expanded  from  the  3-db  beamwidth  of  0.0033  for  normal  operation  to  0.177  for 

acquisition.  Receivers  of  both  stations  will  scan  spatially  to  cover  a horizontal 

and  vertical  search  angle  of  +0.20o  . The  values  of  the  expanded  transmitter 

beamwidth  and  search  angle  are  selected  to  optimize  the  acquisition  probability 

o 7 b 

for  a target  uncertainty  angle  of  +0.2  . Methods  used  to  select  these  values  are 
described  in  Appendix  B.  To  compensate  for  the  relative  rolling  motion  of  the 
scanning  beam  with  respect  to  the  target  (relative  rolling  rates  up  to  0.001°/sec), 
each  scan  line  is  overlapped  about  6ofo.  With  a receiver  beam,  which  has  a 3~db 
beamwidth  of  30  arc,  128  scanning  3_ines  are  needed  to  cover  the  required  search 
angle.  The  following  specific  steps  will  be  performed  during  the  acquisition 
phase : 
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a.  The  optimum  coarse  mirror  pointing  position  for  acquisition 
will  be  determined  and  commands  to  position  the  mirror  will  be  transmitted. 

b.  The  telemetry  data  will  be  used  to  verify  that  Step  (a)  has 

taken  place. 

c.  The  optimum  values  of  the  acquisition  and  acquisition-confirm 
signal  threshold  levels  will  be  determined.  Command  signals  necessary  to  set  the 
threshold  detectors  to  the  proper  threshold  levels  will  be  transmitted. 

d.  Acquisition  search  will  be  initiated  by: 

1.  Offsetting  the  LO  frequency  30  + 1.1  MHz  below  the  laser 
line  peak-power  frequency  position; 

2.  .Causing  the  transmitter  beam  to  expand  and  illuminate 
the  coarse  pointing  mirror  directly  (bypassing  the  telescope); 

3.  Inhibiting  the  nutator  drive;  and, 

4.  Starting  the  receiver- beam  search  pattern. 

e.  When  the  receiver  beam  intersects  the  transmitter  beam,  an 
acquisition  signal  will  be  generated  to  stop  the  scanning.  To  compensate  for  the 
time  delay  between  target  detection  and  execution  of  the  acquisition  signal,  a 
fixed  biased  voltage  is  applied  to  the  horizontal  scan  generator  thereby  properly 
positioning  the  receiver  beam. 

f.  The  acquisition  tracking  operation  will  be  initiated  by: 

1.  Turning  on  the  north- south  and  east-west  axis  nutating 
driving  voltages.  Driving  voltage  amplitudes  are  set  to  produce  the  proper 
radius  of  nutation; 

2.  Turning  on  a third  nutating  driving  voltage  to  generate 
an  acquis  it ion- confirm  signal;  and, 

3.  Verifying  the  presence  of  the  acquisition- confirm  signal 
to  indicate  that  the  transmitter  beam  has  been  acquired  and  that  the  tracking 
subsystem  is  tracking  the  transmitter  beam. 
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g.  In  absence  of  the  acquisition- confirm  signal,  the  system  will 
he  returned  to  the  search  mode  to  complete  the  scan  frame. 

h.  After  a prescribed  time  sufficient  for  both  receivers  to  acquire 
their  respective  transmitter  beams,  the  following  steps  are  to  be  performed: 

1.  The  transmitter  beam  is  narrowed  to  0.0033°* 

2,  Using  the  Image  Motion  Compensator  (IMC)  driving  voltages 
as  reference,  the  coarse  pointing  mirror  is  slowly  driven  in  a direction  to  bring 
the  target  position  within  0.06°  of  the  telescope  axis. 

5. 1.1.2. 3 Operation  Phase 

At  the  initiation  of  the  operation  phase,  the  following  actions  will 

take  place : 

a.  The  nutator  driving  voltages  will  be  switched  to  their  normal 
tracking  amplitudes,  permitting  tighter  angular  tracking  (within  +4  arc  sec). 

The  target  will  always  be  kept  within  +0.06°  of  the  telescope  axis,  since  the 
coarse  mirror  position  will  be  stepped  to  keep  the  target  within  this  angular 
cone? 

b.  Communication  and  atmospheric  experimentation  involves  several 
operational  variations  utilizing  the  basic  techniques  already  described  are 
available  for  use  in  the  various  LCE  experiment  modes.  These  include: 

1.  f . Laser  up/laser  down  link 

2.  Laser  up/microwave  dcrwn  link 

3.  Microwave  up/laser  down  link  . 

4.  Simultaneous  laser  up/microwave  down  and  microwave  up/ 
laser  down  operation. 

5. 1.1. 2. 4 Backup  Operations 

Several  backup  operation  modes  are  available.: 
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a.  Self-check  mode.  In  this  mode,  the  backup  laser  and  the  trans- 
mitter laser  or  backup  laser  and  the  local  oscillator  laser  -will  be  mixed  -within 
the  transceiver.  The  receiver  output  signal  telemetered  to  earth  -will  be  highly 
diagnostic  as  to  the  operational  status  of  the  laser. 

b.  If  either  the  transmitter  laser  or  oscillator  laser  fail,  the 
backup  laser  can  be  used  in  their  place.  However,  the  backup  laser  does  not  have 
FM  capability.  Acting  as  transmitter,  it  will  permit  establishment  of  the  two- 
way  link,  performance  of  the  atmospheric  experiment,  and  the  laser  up/microwave 
down  communications  link. 
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UNIT 

characteristic 

REQUIREMENT 

OVERALL  SVSTEM 

OPERATING  MODES 

BASEBAND  CHARACTERISTICS 
FLUX  DENSITY 
S./N  RATIO 

OPERATE  PER  CFSC-S-S24-P-4C  FIGURE  2-5  MODES:  ATMOSPHERIC  PROPOGATION  EXPER.,  2 -WAY  LASER 
COMMUNICATION  DOWNLINK  LASER,  DATA  RELAY 

ADEQUATE  FREQUENCY  RESPONSE  OVER  30  Hz  TOSS  MHz  FOR  HIGH-QUALITY  TV  AND  MULTIPLE  TELEPHONY 
MINIMUM  AT  EARTH  FROM  ATS-F  OF  10 '9  w'm2CW 

MINIMUM  PREDETECTION  AND  POST-DETECTION  CARRIER-TO-NOISE  RATIO  OF  23  dB  WITHIN  A 10  MHz  BANDWIDTH 
COMMUNICATION  AND  DATA  RELAY  MODES 

SPACECRAFT  SYSTEM 
DESIGN  GOALS  ) 

PRIME  POWER  CONSUMPTION 

TOTAL  WEIGHT 

SIZE 

ENVIRONMENT 

RF1 

lifetime 

j£  53  W FOR  ANY  OPERATING  MODE 

<g  30  LB  FOR  COMPLETE  EXPERIMENT  PACKAGE 

^ 5600  INCHES3  (—17x22x15  INCHES  5 TOTAL 

AS  SPECIFIED  IN  ATS-F  ENVIRONMENT  TEST  ( S-320-ATS-2 ) AND  INTERFACE  ( S-460-ATS-38  ! SPECIFICATIONS 
LIST  ALL  SOURCES  =*0  dBm  AT  f>lkHz;  RIPPLE  FEEDBACK  TO  PAYLOAD  -REGULATOR  <150  mV, 

2000  HOURS  ACTIVE,  SPREAD  UNIFORMLY  OVER  2 YEARS,  W/90%  PROBABILITY 

OPTICAL  MECHANICAL  SUBSYSTEM 

BEAM  POINTING: 

FAILURE  POSITIONING 
UNOBSTRUCTED  COVERAGE 
COMMAND  POSITIONING 
ACQUISITION 
AUTDTRACK 
SUN  REJECTION 
OPTICAL  ALIGNMENT 

AUTOMATIC  RETURN  TO  ON-AXIS  S/C  POSITION  UPON  ANY  POINTING  MODE  FAILURE 
OVER  ±8  °N-S,  ±4Q°E-W  FROM  EARTH-VIEWING  AXIS  ■ 

WITHIN  ±0.02  ANYWHERE  IN  COVERAGE  REGION 

SEARCH  ±0.2°  ANYWHERE  IN  COVERAGE  REGION,  ACQUIRE  IN<60  SECONDS;  +1.0  IN  MINIMUM  TIME 
HOLOtRANSCEIVE/ RECEIVE  BEAMS  ALIGNED  UNDER  S/C  MAXIMUM  ANGULAR  VELOCITIES  AND  ACCELERATION 
RECEIVER  OPERATE  WHILE  SUN  WITHIN  FIELD  OF  VIEW 

MAINTAIN  SETTINGS  AND  AIRY  DISC  SIZE  THROUGH  ENVIRONMENTS,  MAXIMUM  RECEIVER  LOSSS'ldB 

LASER  SUBSYSTEM 

POWER  OUTPUTS  (FOR  LTH  AND  LO) 
EFFECT  OF  LO  POWER  ON  RECEIVER  S/N 
FREQUENCY  AND  AMPLITUDE  STABILITY  . 
TRANSMIT/ RECEIVE  ISOLATION 

COMPATIBLE  WITH  SYSTEM  PERFORMANCE  REQUIREMENTS 

S/N  NOT  DEGRADED  BY  LOW  POWER,  EVEN  WITH  SUN  IN  FIELD  OF  VIEW 

AFTER  30-MINUTE  WARMUP,  MUST  NOT  LIMIT  COMMUNICATION  SYSTEM  PERFORMANCE 

SUFFICIENT  FOR  SIMULTANEOUS  TRANSMIT /RECEIVE  TO  PERFORMANCE  SPECIFICATION  LEVEL 

RADIATION  COOLER/MIXER 
CONVERTER  SUBSYSTEM  • 

SENSITIVITY 
FREQUENCY  RESPONSE 
RADIATION  COOLER 

RECEIVER  NOISE  FIGURE  APPROACHING  2x  10"zo  w/Hz  OF  BANDWIDTH,  EVEN  WITH  SUN  IN  FIELD  OF  VIEW 

DATA-CHANNEL  MIXER  FLAT  T0a30  MHz;  ERROR  SENSOR  COMPATIBLE  w/SERVO  LOOP 

MAINTAIN  DETECTOR  AT  REQUIRED  TEMPERATURE  THROUGH  SEASONAL  SUN/SATELLITE  ANGLE  CHANGES 

SIGNAL  PROCESSING  SU8SY5TEM 

BASEBAND  DISTRIBUTION 

ABILITY  TO  ACCEPT  AND  DISTRIBUTE  INPUT  SIGNALS  FROM  VARIOUS  DEMODULATORS 

TELEMETRY  A NO  COMMAND 
SUBSYSTEM 

SYSTEM  COMPATIBILITY 

TELEMETRY 

COMMAND 

PER  INTERFACE  SPECIFICATION  S-460-ATS-38  ( ATS  F & G 1900  ) 

SATISFACTORY  PERFORMANCE  FOR  APPROVED-S/C  OUTPUTS  AND  FUNCTIONS 
SATISFACTORY  RESPONSE  TO  APPROVED  S/C  COMMANDS  FOR  ALL  OPERATIONAL  MODES 

POWER  SUPPLY  SUBSYSTEM 

. SYSTEM  COMPATIBILITY 

PER  INTERFACE  SPECIFICATION;  MONITOR  INPUT  AND  OUTPUT  VOLTAGES  AND  POWER 

LCE  FUNCTIONAL  AND  PERFORMANCE  REQUIREMENTS  SUMMARY 
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LCE  Block  Diagram 
Figure  '5  .1.1-1 
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5.1.2  Subsystem  Description 

The  functional  operations  and  a "brief  description  of  the 
seven  subsystems  that  comprise  the  LCE  transceiver  are  presented  below. 

Details  relative  to  the  subsystem  designs  and  analyses  are  presented  in 
Section  5*2. 

5.1.2. 1 Laser  Subsystem 

The  laser  subsystem  consists  of  the  transmitter,  local 
oscillator  and  backup  assemblies.  The  transmitter  assembly  generates  the 
frequency  modulated,  10.6  micron  carrier.  The  modulation  is  accomplished 
by  using  an  in-cavity  GaAs  crystal  placed  between  two  electrodes  since  the 
index  of  refraction  of  the  crystal  is  a function  of  the  electric  field  in 
the  crystal.  Therefore,  by  making  the  potential  difference  between  the 
electrodes  a function  of  the  baseband  signal,  the  carrier  will  be  ■ 
frequency  modulated.  The  modulator  driver  amplifies  the  baseband  signal 

to  give  the  required  amplitude  for  the  peak  frequency  deviation  of  4.0  MHz. 

_2 

As  designed,  the  modulator  sensitivity  is  1.86  x 10  MHz/volt. 

The  index  of  refraction  of  GaAs  is  also  a function  of 

temperature.  To  reduce  its  sensitivity  to  temperature  variation,  the 

modulator  will  be  mounted  in  an  oven  and  kept  at  a temperature  of  50  +1°C. 

The  output  of  the  transmitter  laser  is  a carrier  signal 

having  an  instantaneous  frequency  of  2.83  x 10  + 4.0  x 10  Hz.  Spatially, 

it  is  a collimated,  diffraction-limited  beam  having  a 3-ram  dia.  Gaussian 

intensity  distribution  between  the(— ) relative  power  levels. 

e 

, The  control  electronics  of  the  transmitter  laser  will: 
a.  Place  the  transmitter  laser  into  an  operational 
status  by: 

1.  Searching  for  the  correct  operating  line.  (P-20 

for  flight  transmitter  and  P-l6  for  ground  transmitter); 
and, 

2.  Locating  the  peak  of  the  laser  power-frequency 
profile . 
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b.  Track  the  laser  power  output  and  continuously 
reposition  its  operating  point  on  the  peak  of  the 
' power -frequency  profile. 

This  function  is  performed  by  mounting  one  cavity  end 
mirror  on  a piezo-electric  mount  and  subjecting  the  piezo-electric  mount  to 
an  electric  field  which  causes  it  to  either  expand  or  contract  thereby 
varying  the  effective  laser  cavity  length.  The  range  of  the  piezo-electric 
tuner  is  at  least  6 microns  thereby  permitting  search  over  one  complete 
laser  output  profile.  Over  the  operating  temperature  range,  the  laser 
cavity  length  will  change  over  several  (A\  = micron  increments. 

However,  it  has  been  experimentally  proven  that  the  laser  output  is 
repeatable  over  several  A\  increments.  Therefore,  as  the  piezo-electric 
drive  reaches  one  extreme  of  its  tracking  range,  it  will  backstep  one 
increment  and  continue  tracking  the  peak  of  the  power-frequency  profile  of 
the  correct  operating  line. 

The  initial  search  for  the  proper  operating  line  is 
achieved  by  applying  the  output  of  the  search  ramp  gene rat or  to  drive  the 
piezo-electric  tuner.  At  the  same  time,  the  output  of  the  transmitter  tube 
is  sampled  by  the  99:1  beamsplitter.  This  fraction  of  the  transmitter  power 
is  then  coupled  by  means  of  a grating  to  an  infrared  power  meter.  The 
geometric  arrangement  between  the  power  meter  and  the  grating  is  such  that 
only  the  wavelength  of  the  correct  laser  operating  line  will  illuminate  the 
power  meter  (15:1  rejection  of  adjacent  lines). 

Once  the  proper  line  is  identified,  the  search  will  cease 
and  line  dither  will  be  initiated  at  a rate  of  75  Hz  and  an  amplitude  of 
+ 300  KHz.  At  the  peak  of  the  power-frequency  profile,  this  will  superimpose 
a power  amplitude  modulation  of  0.01  percent.  (This  is  the  minimum  slope 
position.)  As  the  dithering  cqnter  slides  along  the  power- frequency  profile, 
the  dithering  phase  will  be  compared  with  the  driving  signal  phase  deriving 
an  error  signal  which  will  always  seek  the  peak  of  the  power -frequency 
profile  corresponding  to  the  zero  error  position,  within  + 100  KHz. 
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The  function  of  the  local  oscillator  assembly  is  to 
generate  the  required  power  to  illuminate  the  mixer  of  the  optical  heterodyne 
receiver.  Sufficient  power  must  be  generated  to  cause  the  local  oscillator 
power  to  be  the  dominant  noise  source  (shot  noise).  The  local  oscillator 
will  operate  at  a point  of  its  power- frequency  profile  30  MHz  below  the  peak 
such  that  when  this  power  is  mixed  with  the  received  signal,  the  output  of 
the  mixer  will  have  an  instantaneoiis  frequency  in  the  range  of  30  + 4 MHz. 

The  control  loops  of  the  local  oscillator  are  essentially  the  same  as 
discussed  in  the  preceding  paragraph;  however,  in  addition,  after  the  peak 
of  the  power- frequency  is  selected,  it  is  offset  30  MHz  below  the  peak  and 
kept  there  within  + 1.6  MHz  until  the  acquisition  of  the  far-distant  trans- 
ceiver is  completed.  At  that  time,  a frequency  error  signal  is  received 
from  the  optical  heterodyne  receiver  which  is  proportional  to  the  frequency 
difference  between  the  received  and  local  oscillator  frequency,  zero  error 
corresponding  to  30  MHz.  The  local  oscillator  then  tracks  the  error  signal 
with  an  accuracy  of  + 50  KHz. 

- The  last  assembly  of  the  laser  subsystem  is  the  back-up 

laser  which: 

a.  Operates  on  the  transmitter  laser  line  which  it  serves 
as  a back-up  transmitter;  however,  not  having  the 
frequency  modulation  capability,  it  serves  as  a beacon 
which  makes  possible  two- station  tracking  and  is  used  to 
perform  atmospheric  transmission  experiments. 

b.  Operates  on  the  local  oscillator  line  at  30  MHz  below 
the  peak,  serving  as  a back-up  for  the  local  oscillator. 

c.  Is  used  to  perform  self-checking  tasks  while  operating 
at  the  transmitter  line  less  30  MHz.  Combining  the 
transmitter  and  the  back-up  lasers  in  this  mode,  the 
receiver  mixer  will  produce  a signal  which  will  be  a 
good  measure  of  the  operational  status  of  the  trans- 
mitter and  of  the  space  FM  noise  spectrum  (of  course, 
it  will  require  telemetering  this  data  to  earth) . 
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d.  Can  be  operated  at  the  peak  of  the  local  oscillator 
line  also  for  self-checking  purposes.  Combining  the 
two  beams  (LO  and  back-up  in  this  mode)  will  produce 
the  same  data  as  discussed  under  Item  c. 

The  technical  characteristics  of  the  laser  subsystem  are 
summarized  in  Tables  5. 1.2-1  and  -2. 

5. 1.2. 2 Optical /Mechanical  Subsystem 

The  Optical/Mechanical  Subsystem  must: 

1.  Accept  the  outputs  of  the  lasers  and  couple  these 
outputs,  after  suitable  shaping  and  processing  as 
required  by  various  modes  of  operation,  either  to 
the  telescope,  coarse  mirror,  or  the  receiver  mixer 
element; 

r 2.  Couple  the  tblescope  collected  energy  to  the  receiver 

mixer  after  properly  focusing  this  energy; 

3.  Provide  means  to  include  in  the  optical  train  an  Image 
Motion  Compensation  (IMC)  Assembly  and  a nutator 
assembly  in  order  to  accomplish  energy  angular  tracking; 

4. -  Extract  a small  portion  of  each  laser  beam  energy  and 

via  a grating  (which  selects  only  the  energy  when  the 
laser  is  operating  on  the  proper  line)  focus  it  on  a 
power  meter  to  measure  the  laser  power  output;  and, 

5»  Hold  the  optical  path  and  laser  subsystem  Component 
alignment  to  within  the  tolerances  listed  in  Table 
5- 1.2-3. 

The  layout  of  the  optical  subsystem  is  designed  to 
minimize  the  number  of  optical  components  and  their  complexity  while 
accommodating  the  above  mentioned  requirements. 
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The  components  of  the  opto-mechanical  subsystem  include 
the  telescope,  telescope  output  collimating  lens,  duplexer,  beam  expander, 
image  motion  compensator,  and  nuhator  assemblies,  received  signal  and  local 
oscillator  combining  and  focusing  optics,  beamsplitters,  flip  mirrors,  mirrors, 
gratings,  filter,  window,  and  lens  required  to  focus  laser  power  on  the 
infrared  thermistor  detectors  for  measuring  power  output.  In  particular,  the 
duplexer  separates  the  transmitted  and  received  beams  by  reflecting  the 
received  signal  of  spatial  polarization,  0,  and  passing  the  transmitted  beam 

t 

of  spatial  polarization  (@  + ^ ).  The  Image  Motion  Compensator  (IMC)  provides 
the  means  to  steer  the  transmitter  and  receiver  optical  axes  using  two 
orthogonally  placed  mirrors  whose  angular  position  is  controlled  by  the 
tracking  subsystem.  The  nut  at  or  being  identical  to  the  IMC  rotates  the 
receiver  optical  axes  causing  the  received  carrier,  whose  phase  and 
amplitude  are  functions  of  the  received  energy  angular  position  with  respect 
to  the  LCE  reference  axes,  to  be  amplitude  modulated.  The  received  signal 
and  local  oscillator  combining  and  focusing  optics  combine  beams  such  that 
the  two  phase  fronts  are  parallel  and  are  properly  focused  on  the  mixer 
element. 

The  key  structural  components  required  for  proper  alignment 
are  the  CERVIT  baseplate,  the  beryllium  baseplate,  on  which  the  telescope  is 
mounted,  and  various  mounts  supporting  the  optical  components.  The  mounts 
are  designed  to  permit  adjustment  of  the  optical  component  positions,  but 
include  locking  provisions  to  assure  that  the  settings  survive  launch 
envi ronme  nt  s . 


i 


5. 1.2-5 


Report  No.  Vol.  I,  Part  1 


The  four  optical  subsystem  configurations  or  modes  (normal* 
backup*  acquisition*  and  self-check)  are  summarized  as  follows: 

(The  optical  layout  schematic  of  the  optical  subsystem  is 
shown  in  Figure  ^ ,1.1-2) » 

Normal  Operating  Mode . - In  this  mode*  the  laser  transmitter 
output  is  coupled  to  the  telescope  and  the  received  energy  is  combined  with 
the  local  oscillator  power. 

Acquisition  Mode.-  In  this  mode*  the  transmitter  laser 
output  bypasses  the  telescope  illuminating  directly  the  coarse  mirror  and 
its  output  beam  is  expanded  to  cover  the  target  location  angle  of  uncertainty. 
The  receiver  field  of  view  of  scanned  until  the  target  is  acquired. 

Backup  Operating  Mode . - If  either  transmitter  or  local 
oscillator  lasers  fail*  the  backup  laser  can  be  used  to  operate  in  the  normal 
and  acquisition  modes. 

Self-Check  Mode.-  In  this  mode,  the  backup  laser  power  is 
combined  with  transmitter  on  local  oscillator  power  to  be  heterodyned  in  the 
optical  receiver.  The  output  of  the  receiver  will  be  telemetered  to  earth 
to  provide  good  data  or  operational  status  of  the  transceiver. 

5- 1.2. 3 Optical  Heterodyne  Receiver  Subsystem 

The  optical  heterodyne  receiver  subsystem  consists  of  the 
mixer  assembly*  preamplifier*  and  processing  electronics  assembly.  Function- 
ally* it  accepts  the  combined  received/local  oscillator  power*  mixer  it  in 
the  mixer  element  (photovoltaic*  back-biased*  (Hg*Cd)  Te  diode)  with  the 
resulting  signal  output  at  an  intermediate  instanteanous  frequency  of  30  MHz 
+ ■ ^ MHz. 
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The  output  of  the  mixer  is  amplified  in  a preamplifier  to 
provide  a nominal  26-db  gain.  The  nominally  10  watts/Hz  noise  equivalent 
power  (NEP)  measured  at  the  output  of  the  preamplifier  will  vary  as  a function 
of  mixer  element  temperature  as  shown  in  Figure  5. 1,2-1.  The  output  of  the 
preamplifier  will  "be  processed  in  several  channels  to  produce  the  transmitted 
baseband  signal,  the  AFC  error  signal,  the  quadrature  tracking  error  signals 
both  for  acquisition  and  normal  operational  modes,  the  acquisition  pulse,  and 
the  acquisition  confirm  pulse. 

The  FM  receiver  channel  consists  of  the  post -amplifier, 
automatic  gain  control  (AGC),  equalizer,  limiter,  channel  filter,  wideband 
discriminator,  video  filter,  video  and  buffer  amplifier  stages.  The 
functional  highlights  of  the  FM  receiver  channel  are  summarized  in  Table 

5. 1.2-4. 

The  automatic  frequency  control  (AFC)  error- signal  channel 
consists  cf  a lowpass  filter  and.  a d-c  amplification  stage.  Its  output  will 
have  the  following  characteristics: 

a.  Zero  error  voltage  at  30.0  + 0.1  MHz 

b.  Bandwidth  of  0.1  Hz  to  10.0  KHz  and  3 db  with  fall-off 

of  6 db /active. 

c.  Slope  of: 

1)  At  least  -3  to  + 3 volts  from  29.3  to  30. 5 MHz 

2)  Between  -3  to  -13  volts  from  29-5  to  27.3  MHz 

3)  Between  +5  to  +13  volts  from  30.5  to  32.5  MHz 

Strictly  for  automatic  frequency  control  purposes,  this 

channel  has  a wider  bandwidth  than  required.  However,  the  output  of  this 
channel  also  constitutes  an  important  telemetry  point  and  will  provide  data 
relative  to  the  spacebome  laser  FM  noise  spectral  distribution. 
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The  tracking  channel  consists  of  the  bandpass  filter,  audio 
amplifier  and  two  phase -detectors  generating  the  east -west  and  north- south 
tracking  error  signals. 

The  acquisition  pulse  channel  consists  of  the  matched  filter, 
threshold  detector  and  a monostable  circuit  which  will  shape  the  acquisition 
pulse,  taring  acquisition,  the  two  stations  (ground  and  spacecraft)  will 
go  through  a programmed  search  sequence  to  find  each  other. 

The  uncertainty  in  the  attitude  of  the  spacecraft,  which 
will  cause  the  flight  transceiver  transmitter  and  receiver  optical  axes  to 
be  at  any  angle  within  an  aperture  0.4°  x 0.4?  makes  this  necessary.  The 
problem  is  further  complicated  by  the  spacecraft  rolling  rate  of  up  to 
0.001  /sec.  This  is  a very  dynamic  situation  considering  that  the  operating 
transmitter  beam  width  is  0.0039°  between  the  3-db  points  and  received  beam 
width  is  0.0038°  between  the  3-^b  points.  The  details  of  the  acquisition 
phase  are  given  in  Section  3 *1.2.  However,  as  far  as  the  receiver  subsystem 
is  concerned,  at  the  time  the  receiver  beam  is  sweeping  past  the  angular 
position  coincident  with  the  ground  - spacecraft  line-of- sight  (within  + 

5.8  arc  sec.) V"  a signal  will  be  received  having  a signal-to-noise  ratio 
at  the  output  of  the  preamplifier  as  low  as  -19  db  peak.  The  function  of 
the  acquisition  channel  is  to  extract  this  signal  with  a probability  of 
detection  of  90$  and  average  time  between  false  alarms  of  1100  seconds. 

The  acquisition  pulse  will  cause  the  acquisition  nutation 
to  be  initiated  to  start  tracking  the  received  energy.  Presence  of  the 
tracking  error  signal  will  indicate  that  indeed  the  acquisition  pulse  was 
caused  by  the  received  energy.  Such  conformation  is  required  since  there 
is  a finite  probability  for  noise  to  trigger  the  acquisition  pulse.  However, 
there  is  also  a finite  probability  that  at  the  beginning  of  the  acquisition 
tracking,  the  target  is  at  zero  tracking  error  position.  Therefore,  to 
ensure  the  presence  of  an  acquisition,  a confirm  : signal  will  be  superimposed 
on  one  of  the  nutation  driving  voltages  of  double  the  Nutation  Frequency. 
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The  resultant  2 fn  amplitude  modulation  will  always  be  on  the  carrier  if  the 
target  is  within  field  of  view  of  the  receiver  beam  and  its  presence  will 
confirm  bona  fide  acquisition. 

The  acquisition- confirm  channel  differs  from  the  tracking 
channel  only  in  that  it  is  centered  at  double  the  nutation  frequency,  f . 

A monostable  circuit  at  the  output  shapes  the  acquisition  confirm  channel. 

Table  5. 1.2-5  summarizes  the  operating  requirements  of  the 
tracking,  acquisition  pulse,  and  acquisition  confirm  chennels. 

5 .1.2.4  Acquisition  and  Tracking  Subsystem 

The  acquisition  and  tracking  subsystem  must  perform  several 
key  functions  in  order  to  acquire  the  far  distant  station  and  then  track  in 
angle  the  incoming  energy.  The  major  functions  entail:  . 

a.  Providing  the  required  electronics  to  position  the 

coarse  mirror  such  that  the  optical  axis  of  the 

telescope  intersects  the  nominal  position  of  the 

far —distant  station  within  _+  0.02  over  an  angular 
o -O 

aperture  of  3 0 x 16  j 

b.  Providing  the  required  receiver  beam  sweep  such  that 
the  angle  of  uncertainty  (0.4°  x 0.4°)  of  the  far- 
distant  station  is  covered  during  acquisition; 

c.  Tracking  the  received  energy  and  positioning  coarse 
mirror  upon  acquiring  the  far -distant  station,  such 
that  the  optical  axis  of  the  telescope  intersects 
(within  + 0.05°)  the  far  distance  station; 

d.  Switching  to  operational  tracking,  at  the  completion 
of  acquisition  phase,  to  track  within  + 4 arc  sec  at 
tracking  rates  up  to  0.01°/sec. 
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The  coarse  mirror  is  positioned  by  comparing  digitally 
(for  two  axes)  its  position,  with  the  required  position.  As  long  as  there 
is  a difference,  appropriate  driving  voltages  will  be  generated  to  reduce 
the  position  error  to  zero.  Following  two  sources  generate  the  required 
mirror  position  information: 

a.  Transmit  commands  designate  the  position  of  the 
coarse  pointing  mirror.  This  position  will  be  entered 
in  the  elevation  and  azimuth  "Required  Position" 
registers.  This  mode  of  positioning  will  be  used  at 
the  beginning  of  acquisition  phase  to  position  coarse 
mirror  such  that  the  optical  axis  of  the  flight 
telescope  intersects  (within  + 0.02°)  the  ground  station 
nominal  position  (or  vice  versa)  which  is  the  center  of 
the  0.4  x 0.4°  angular  undertainty  aperture. 

b.  During  acquisition  and  normal  tracking,  the  average 
angular  position  of  the  IMC  will  indicate  whether  the 
target  is  close  to  (in  angle)  or  is  off  from  the 
telescope  optical  axis.  Optimum  operation  is 
obtained  when  the  target  is  within  an  angle  + 0.06° 
o£  the  telescope  axis.  Therefore,  the  IMC  mirror 
position  voltages  will  serve  as  error  voltages  (after 
analog  to  digital  conversion)  to  position  the  coarse 
mirror  for  centering  the  target. 
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The  tracking  function  encompasses  elements  of  the  optical, 
receiver,  and .acquisition  and  tracking  subsystem.  Figure  5. 1.1-2  shows 
the  simplified  block  diagram  of  the  tracking  system  (one-axis  tracking). 

Briefly,  it  operates  as  follows-  If  the  nutator  and  IMC 

mirrors  are  positioned  at  their  nominal  positions,  the  principal  ray 

emanating  from  the  center  of  the  detector  will  emerge  parallel  and 

concentric  with  the  optical  axis  of  the  telescope.  The  nutating 

(oscillating)  is  now  initiated  at  + AQ  degrees  at  frequency  f . This 

Q.  n 

will  cause  the  principal  ray  to  scan  up  and  down  + 9 /x  degrees  with 

respect  to  the  telescope  axis  where  X is  the  power  of  the  telescope. 

Since  there  are  two  such  systems,  azimuth  and  elevation,  and  the  nutation 
drives  are  displaced  90°  in  phase,  the  resulting  motion  of  the  principal 
ray  is  circular  around  the  axis  of  nutation  (which  is  concentric  with  the 
telescope  axis,  so  far) . How,  if  the  IMC  mirror  moves  from  its  nominal 
angular  position  by^  0^  degrees,  it  will  cause  the  axis  of  rotation  to 
be  displaced  A 0^/x  from  the  optical  axis  of  the  telescope.  If  tte  re  is 
a target,  P,  as  shown  in  Figure  5«l«2-2,  the  nutation  of  the  receiving 
beam  will  cause  corresponding  amplitude  modulation  of  the  received  carrier. 

The  mare  exact  target,  axis  of  nutation,  and  received 
optical  beam  relative  orientation  are  shown  in  Figure  5. 1.2-3  and  5.1.2-k. 

The  tracking  servo  subassembly  demodulates  this  amplitude 
modulation  envelope,  compares  it  with  the  two  quadrature  nutator  driving 
voltages  In  the  phase  detectors  generating  the  target  position  error 
voltages.  The  servo  subsystem  always  tries  to  position  the  IMC  mirror 
such  that  the  error  voltages  are  zero  which  corresponds  to  the  axis  of 
rotation  intersecting  the  target  (within  + 4 arc  sec.). 
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5. 1.2. 5 Power  Supply  Sup  system 

The  High  Voltage  and  Low  Voltage  Power  Supply  Subsystem 
generates  the  power  and  voltages  (Table  3 .1*2-6)  required  to  operate  the 
transceiver. 

5 . 1 . 2 . 6 Command  and  Telemetry  Subsystem 

The  Command  and  Telemetry  Subsystem  couples  and  shapes  the 
spacecraft  commands  as  required  by  specific  transceiver  circuits.  Also, 
it  conditions  as  necessary  the  telemetry  data  generated  at  various 
functional  points  of  the  transceiver  to  be  compatible  with  the  spacecraft 
requirements.  Tables  5 *1.2-7  and  -8  list  the  commands  and  telemetry  points. 

5. 1.2. 7 Thermal  and  Radiation  Cooler  Subsystem 

The  thermal  and  radiation  cooler  subsystem  provides  the 
required  thermal  control  and  structural  support  required  to  survive  launch, 
transit,  and  injection  environment.  In  synchronous  orbit  it  provides: 

a.  Radiative  cooling  of  the  mixer  at  110  + 1 5°K; 

b.  Electronic  component  temperatures  not  to  exceed  60°C 
at  the  highest  trgnsceiver/space craft  interface 
temperature  (+  35  c);  and, 

c.  Thermal  gradients  in  the  telescope  spider  not  to 
exceed  10°C  between  the  three  legs. 

In  addition  to  the  above  subsystem,  an  up -translator  and 
^own-translator  subsystem  is  used  only  with  the  ground  station.  It 
translates  the  baseband  signal  to  be  transmitted  from  30  Hz  - 4.6.  MHz 
band  to  1.4  - 6.0  MHz  plus  a vestige  of  lower  sideband  from  1.0  to  1.4  MHz. 

A corresponding  down-translation  is  performed  on  the  received  signal.  The 
primary  reason  for  the  baseband  frequency  shift  is  the  need  to  bypass  the  . 
GaAs  in- cavity  modulator  resonances  which  occur  in  the  frequency  region 
from  100  KHz  to  1.0  MHz,  depending  on  the  crystal  dimensions.  Therefore, 
spectral  components  of  the  baseband  signal  in -.the  vicinity  of  the  crystal 
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resonant  frequencies  will  produce  carrier  frequency  deviations  out  of 
proportion  with  the  response  to  all  other  ‘baseband  spectral  components., 
resulting  in  a distorted  signal. 

The  up -translation  and  down-translation  stages  each  consist 
of  couble  conversion,  thereby  retaining  low  spectral  component  to  high 
spectral  component  amplitude  relationship. 
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U) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 
(n) 


(12) 

(13) 

(14) 

(15) 

(16) 


Characteristic 

fawer  Output,  minimum  (At  the  output  of  the  laser  cavity) 
Mode 

Polarization 


TRANSMITTER  ASSEMBLY  PERFORMANCE  REQUIREMENTS 

Transmitter  Assembly  Performance 
650  nrw  at  1 ine  center  at  25°  c 

TEMoo 


Output  power  beam  width  (at  output  of  cavity  end-mirror) 

Operating  lines 

Flight  Model 
Ground  Model 

Operating  line  width 


, * -r-— w uue  baseplate  ± 2 

3*0  fi  *1 2.  liters  (mm)  beam  diametsr  betvppn  t ^ 

lifted,  SS  i*" 


P 20 
P 16 


PpKgr  frequency  profile 
Operating  frs  .ency 


Frequency  stability 

- 0.1  Hz  to  5 Hz 

5 Hz  to  000  KHz 
800  KHz  to  6.0  KHz 

Amplitude  stability 


Compatible  vifch  the  video  transmission  requirements 
Compatible  with  stabilization  requirements  of  the  assembly 


_ — Oi  iw  VD  lug 

ZtT  * at  ld!ther  frequenc^  T5  4 5 Hz  with  peat-to-peak  frequency 
deviation  not  to  exceed  ♦ 300  KHz . * J 


100  KHz  nns 
50  KHz  rms  deviation 

2.7  KHz  rms  deviation  (exclusive  of  dither  modulation). 
2&  rms  at  line  center  over  a bandwidth  of  5 to  45  Hz 


Modulation  characteristics  (FM)  . 

Deviation  capability 

Modulation  sense 

Input  frequency  bandwidth 

Baseband  amplitude  - Frequency  character 1st ice 


Modulator/Driver  Sensitivity  1 

Modulat or /Pr iver  Sensitivity  Stability  (MHz  deviation/volt  input) 

Modulator/ Driver  group  delay  ;.ver  6.0  MHz  bandwidth  output,  maximum 


Modulator  linearity  (Eeriative  method),  maximum 


Amplitude  of  the  synchronizing  signal 


Hoise 

Ibr iodic  noise  (ratio  of  P-P  picture  signal  amplitude  to  the  P-p 
noise  amplitude) 

Fewer  Supply  Hum. 

(including  the  fundamental  frequency 
and  low  harmonics) 

Single  frequency  noise  between 
1 KHz  and  2 MEz 

Single -frequency  noise  between  2 
and  6 MHz ^ 


Ptwide  deviation  of  up  to  i 4.0  MHz 

fmTto  f.oZTT  frn'JenC;'  deVLatlon  fOT  Crease  in  positive  potential. 


Reference  Frenuancv 
~’."625  "MHz 
1.0  to  1.040  MHz 
1.840  to  6.0  MHz 
8.0  MHz/volt  input 


Design  Goal 
0 db 

* 0.1  db 
± 0.2  db 


Minintan  A c ceptab le 
Odb  

* O.25  db 

* 0.4  db 


tit?1*  «•  period, 

+ 0.2  nc/MHz  slope 
0.04  ns/MHzS  parabolic 
0.6  ns  peak-to-peak  ripple 

2$  for  center  90  percent  of  * MHz  band 
1*  over  75  percent  of  bandwidth 


Synchronizing  pulses  shall  be  between  0.27  and  0.31  volts 


38  db  min. 


62  db  min. 


* To  be  added  at  a later  date. 


46  db  nin. 
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K)CAL  OSCILLATOR  AND  BACK-UP  LASER  PERPORMAl'JCE  REQUIREMENTS 


(l  ) Ftiver  Output,  Minimum 

{At  the  output  of  the  laser 
cavity ) 

(2)  Mode 

(3)  fti  lari  zat  loo 


(4)  Output  Power  Beam  Width 
(At  output  of  the  cavity 
end  mirror ) 


Local  Oscillator 


Line  Center  Operation 


Back  up  Laser 

Line  Center  -30  mkz  Operation 


05  mw  at  line  center  minus  3°  MHz  at  25’ C 650  mv  at  line  center  at  25’C  500  „ at  line  center  minus  30  MHz  at  25«C 


Linear  with  electric  field  perpendicular 
to  the  'baseplate  i 2 * 

3- O ~ C.  < 4 meters  f"  ) beam,  diameter 

between!  6. 367}  relative  power  levels, 
diffraction  limited,  ccllinated  beam 


linear  with  electric  field  Linear  with  electric  field  perpendicular 

perpendicular  to  the  base-  to  the  baseplate  42” 

•+?**£*  millimeters  (mm]  beam  ' *££&Wgillia«t«rs  (mm)  beam  diameter  between 
diameter  between (0.367)  (o7Zol )2  relative  power  levels  diffraction 

relative  power  levels,  diffrnc-  Halted,  colligated  beam, 
tion  limited  collimated  bean 


Plight  Model  Operating 
Ground  Model  Operating 
Flight  Model  Test 
Ground.  Model  Teat 


(6)  Oscillator  rbwer /frequency 
profile 


acquisition 


Oanpatible  with  stabilization  require- 
ments of  the  assembly 

30  4 0.05  MHz  below  received  signal 
frequency 


30  t 1.1  KHz  below  line  center  with 
additional  drift  not  to  exceed  0.5  MHz 
over  a 5 minute  period 


Compatible  with  stabilization 
requirements  of  the  assembly 

Line  center  frequency  ± 100  KHz 
over  a time  period  of  10  to  100 
seconds  at  a dither  frequency 
of  75  £ 5 He  with  peak -to -peak 
frequency  deviation  not  to  exceed 
♦ 300  KHz 

Line  center  frequency  ± 100  KHz 
over  a bandwidth  of  0.1  to  1.0 
MHz 


Compatible  with  stabilization 
requirements  of  the  assembly 

30  4 0.05  MHz  below  received  signal  frequency 


3°  4 l.l  MHz  below  line  center  with 
additional  drift  not  to  exceed  t 0,5  MHz 
over  a 5 minute  period 


0.1  Hz  to  5 Hz 
5 Hz  to  800  KHz 


800  KHz  to  6.0  MH* 


100  KHz  rms  deviation 
50  KHz  ms  deviation 


2,7  HKz  rms  deviation 


0.3  # rme  over  band  width  from  5 to  1*5  Hz 
Iteeign  goal  is  0.1#  nns 


(11)  AFC  Orvlty/Mlri-or  Variation,  6 microns 
.minimum,  (piezo  electric  tuner ) 


100  KHz  rms  deviation 
50  KHz  mb  deviation 
(Exclusive  of  Dither 
Modulation ) 

2.7  KHz  nas  deviation 


100  KHz  rms  deviation 
50  KHz  ms  deviation 


2.7  KHz  rms  deviation 


c?nter  OV6r  °-3#  nns  over  band  width  from  5 to  45  Hz 
a bandwidth  of  5 to  45  Hz.  Design  goal  is  0.1*  «, 


6 microns 


6 microns 
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TABLE  5. 1,2-3 

OPTICAL  COMPONENTS  MISALIGNMENT  TOLERANCES 


Component 

Random  Misalignment 
Tolerance  (sec) 

Temperature  Misalignment 
Tolerance  (sec) 

Flat  Laser  End  Mirror 

15 

4 

Modulator 

50 

4 

Laser  Tube 

50 

4 

Curved  End  Mirror 

15 

4 

Reflecting  Mirrors 

15 

4 

Beam  Expander 

15 

4 

Dup lexer 

100 

20 

B4C 

370 

20 

Reflecting  Mirrors 

370 

20 

Filter  Relay  Lens 

370 

20 

Nutator 

370 

20 

Imaging  Lens 

370 

20 

Table  5. 1.2-3 
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TAELE  1.2-4 


(i) 


(2) 


(5) 


<«o 


m VIDEO  CHANNEL  PERFORMANCE  REQUIREMENTS 

Receiver  Video  Output:  (2  required) 

(a)  level  over  1 MHz  to  6 MHz  1 volt  peak-to-peak  ± 0.5  db 

Cb;  Impedance  over  1 MHz  to  6 MHz  75  ohms,  unbalanced,  with  minimum  return  loss  of  20  db 


Preamplifier 

(a ) Bandwidth 

(b)  Input  saturation 

Demodulation  Characteristics 

(a)  Demodulation  sense  (at  video  output) 

(b)  Instantaneous  bandwidth 

(c)  Center  frequency 

(d ) Output  sensitivity  over  -72  dbm  to  -56  dbm.  carrier  input  power  levels  at 
mixer  window  at  any  frequency  from  2^.0  to  34.0  MHz 

(e ) Baseband  amplitude  - frequency  characteristics 


(f ) Group  delay  over  12  MHz  bandwidth 

(g ) Demodulation  Amplitude 


50  ± 6 MHz,  consistent  with  video  distortion  and  noise  requirements 
-hO  dbm  or  greater  at  the  input  to  the  mixer  assembly 


Increase  in  positive  potential  for  increase  in  carrier  frequency  deviation 
Consistent  with  the  video  distortion  and  noise  requirements  specified  herein 
30  MHz 


Constant  within  ±0.3  db 
Reference 

Frequency  Design  Goal 


1.065  MHz  0 db 

1.0  to  1.840  MHz  ±0.1  db 
1.840  to  6.0  MHz  ± 0.2  db 


Minimum 

Acceptable 

0 db 

± 0.25  db 

± 0.4  db 


t 0.7  n sec/MHz  slope 
0. 5 n sec/MHz^  parabolic 
6. 0 n sec  peak-to-peak  ripple 

A carrier  deviation  of  ±4.0  MHz  shall  produce  a 1 volt  ± 0, 5 db  peak-to-peak 
output  signal 


Video  Distortion  and  Boise 

(a)  Amplitude  of  the  synchronizing  'signal 


Synchronizing  pulses  shall  be  0,29  ± 0.02  volts 


(b)  Periodic  noise  (ratio  of  P-P  picture  signal  amplitude  id  the 
P-P  noise  amplitude) 


1-  Fbver  Supply  Rum 38  db  min, 

(Including  the  fundamental  frequency  and  low  harmonics) 

2.  Single  frequency, noise  between  1 KHz  and  2 MHz 62  db  rain. 

3.  Single -frequency  noise  between  2 and  C MHz 1*6  db  min! 


(5  ) Automatic  Gain  Control 


(a)  Recovery  time  (for  instantaneous  carrier  power  level  changes  up  to  4l  db 
with  respect  to  Carrier  to  Noise  Ratio  (c/tf)  of  -18  db  to  -6  db ) 

(b)  Telemetry  output  of  the  ACC 


Receiver  automatic  gain  control  shall  set  the  output  power  to  its  nominal 
level  ± 1 db  within.  0.2  seconds  and  pass  amplitude  modulation 

0 to  5 volts  corresponding  to  a carrier  dynamic  range  of  -72  dba  to  -56  dbm 
with  an  output  -impedance  of  1000  ohm  or  less.  The  bandwidth  of  the  telemetry 
channel  shall  be  10  Hz  at  the  3 db  points. 
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Table  5. 1.2-5 


TABLE  5.1. 2-5 


ACQUISITION  AND  TRACKING  CHANNEL  PERFORMANCE  REQUIREMENTS 


(1)  Acquisition 

(a)  Input : . 

(b)  Output: 

1.  Amplitude: 

2.  Pulse  Width : 

3.  Rise  and  Fall  Time: 

(2)  Acquisition  Tracking 

(a)  Input: 

(b ) Output : 

(3)  2 fn  (Acquisition)  Signal- 

(a)  Input: 

(b)  Output: 

(4)  Operational  Tracking 

(a)  Input  Signal: 

(b)  Output  Signal: 


-l8  db  minimum^/ 


3.8  ± 1.4  volts 
50  ±10  milliseconds 
1 millisecond,  maximum 


-19  lb  to  ~7db  and  1 .5$  amplitude  modulated^/ 

“23  db  to  -lldb  and  40$  amplitude  modulated^/ 

0 ± 0.1  volt  corresponding  to  -19  db  to  -7db  1 .%  modulated  input, 
minimum,  peak-to-peak  with  a linear  signal  of  ± 5 volts 
coi  1 e^> ponding  to  -c:3db  40$  modulated  input. 


-19  db  to  -7db  and  1%  amplitude  modulated^/ 
>23  db  to  -lldb  and  70^  amplitude  modulated^/ 

3.8  ± 1.4  volts 


23  db  and  1,0$  amplitude  modulated  2/ 

19  db  and  15$  amplitude  modulated-^ 

0 ±0.1  volt  corresponding  to  23  db,  1.0$  modulated  input, 
minimum,  peak-to-peak  with  a linear  signal  of  ± 5 volts 
corresponding  to  19  db,  15$  modulated  input 


1/  Peak  carrier  power /rms  noise  ratio  with  Gussian  shaped  signal 
2/  Minimum  average  carrier  power /rms  noise  ratio. 
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TABLE  5. 1.2 -6  POWER  StWLY  POWER  OUTPUT 


H3 

O' 

£ 

vn 

• 

H 

ro 

l 

ON 


LASER  TRANSMIT- 
TER H.V.  CURRENT 
REGULATOR 

LASER  L.0.  H.V. 
CURRENT  REGULATOR 

_ 

BACKUP  LASER 
H.V.  CURRENT 
REGULATOR 

NUTAT0R  & IMC  DRIVE! 
POWER  SUPPLY 

LOW  VOLTAGE  POWER  SUPPLY 

. ±12V 

+ 5 V 

1.) 

OPERATING  CURRENT  £/ 

/ 

(Milliamperes,  DC) 

4 ± 0. 2rr*  ' 

5 ± 0.25^/ 

4 ± 0 . 2^ 

25 

100  to  235^ 

1500  to  2500 

. 2.) 

OPERATING  VOLTAGE  §/ 

(Volts,  DC) 

2000  ± looi/ 

800  ±50  1/ 

2000  + 100^ 

225  t 3.4i/ 

±12±0.225~^ 

5 ±-0.25i/ 

3.) 

START  DIG  VOLTAGE 

. 

(Volts  ) 

5000  ± * y 

2soo  ± * y 

5000  + * ±1 

4.) 

RIPPLE  CURRENT  (Max.) 

(6.5  Hz  to  50  Hz) 

0.5$  rms 

0.08$  rms 

0.08$  rms 

(50  Hz  to  1 KHz) 

1$  rms 

1$  rms 

1$  rms 

(l  KHz  to  10  KHz) 

3$  rms 

3$  rms 

3$  rms 

5.) 

RIPPLE  VOLTAGE  (Max.) 

(Millivolts  P-P) 

i £>0 

(Millivolts  RMS) 

- 

- 

- 

50 

2. 

3)0 

100 

6,) 

load/line  REGULATION  3/ 

(Milliamperes,  DC)  2/ 

o.2  y 

0.0625  ^ 

0.2  2/ 

(Millivolts,  DC) 
(5  Hz  to  50  KHz) 

34oo^/ 

225^ 

250^/ 

7.) 

EFFICIENCY  Jj 

8.) 

TEMPERATURE  COEFFICIENT 

-i  / 

(0°  to  140°F) 

• 5$/°C 

• 55=/°c  ’ 

•5*/°c 

.1$/°C  . 

.1$/°C 

j$/°c 

2/ 

8 


rnrciax  loueranee  * To  be  added  later 

Line  Change  ±7$. 

Load  change  resulting  in  a 400-volt  change  in  output  voltage, 
load  change  resulting  in  a 100-volt  change  in  output  voltage, 

T /NQ  r\  Vi  O r*/*,  1 -i  « ^ - 1i — r . ”3' 


7T/  T J 1 w _ v — *—**^.  *j_x* 

5/  Load  change  resulting  in  a 150-volt  change  in  output  voltage. 

6/  Load  AI  of  50$. 

7/  Overall  efficiency  shall  be  greater  than  70 $ from  50$  of  full  load  to  maximum  rated  load 

oj  To  each  of  the  tubes  two  anodes.  

2/  Load  impedance  variation  of  ± 20$. 

10/  Current  required  from  each  12V  source 
2±/,  Load  AI  of  50$ 


NOTE;  Cathodes  of  the  Laser  tubes 

shall  be  operated  near  ground 
potential. 


*/  To  be  added  at  a later  date 
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•TABLE  5. 1.2-7 
TRANSCEIVER  COMMANDS 


(a)  Power  Supply  Subsystem. - 

Command 


Function 


(1)  Transmitter  Laser  High  voltage  No.  1 

(2)  Transmitter  Laser  High  voltage  No.  1 

(3)  Transmitter  Laser  High  voltage  No.  2 

(4)  Transmitter  Laser  High  voltage  No.  2 

(5)  Transmitter  Laser  High  voltage  Nos.  1 & 2 

(6)  Local  oscillator  Laser  High  voltage  No.  1 

(7)  Local  oscillator  Laser  High  voltage  No.  1 

(8)  Local  oscillator  Laser  High  voltage  No.  2 

(9)  Local  oscillator  Laser  High  voltage  No.  2 ■ 

(10)  Local  oscillator  Laser  High  voltage  Nos.  1 & 2 

(11)  Backup  Laser  High  voltage  No.  1 

(12)  Backup  Laser  High  voltage  No.  1 

(13)  Backup  Laser  High  voltage  No.  2 

(14)  Backup  Laser  High  voltage  No.  2 

(15)  Backup  Laser  High  voltage  Nos.  1 & 2 

(16)  Low  voltage  converter 

(17)  Low  voltage  converter 


On 

OFF 

On 

OFF 

Adjust  current 

On 

Off 

On 

Off 

Adjust  current 
On 
Off 
On 
Off 

Adjust  current 
On 
Off 


(b)  laser  Subsystem.- 

(1)  Backup  Laser  line  (P-l6)  select 

(2)  Backup  Laser  line  center  offset  (P-l6) 

(3)  Backup  Laser  .line  (P-20)  select 

(4)  Backup  Laser  line  center  offset  (P-20) 

(5)  Modulator,  video  input  Nos.  1 & 2 


Select 

Offset 

Select 

Offset 

Select 


Table  5. 1.2-7, 
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, TABLE  5* 1.2-7 

transceiver  commands 

) Acquisition  and  Tracking  Subsystem.- 
(l)  Nutator  Bias  Adjust  (Beam  Alignment) 

Function 

a. 

Command,  North-South  axis  (one  pulse) 

Counter  reset 

b. 

Command,  North -South  axis  (series  of  pulses ) 

Counter  input 

c. 

Command,  North-South  axis  (one  pulse) 

Execute 

d. 

Command,  East-West  axis  (one  pulse) 

Counter  reset 

e. 

Command,  East -West  axis  (series  of  pulses ) 

Counter  input 

f. 

Command,  East-West  axis  (one  pulse) 

Execute 

(2)  Acquisition  threshold 

a . 

Command  (one  pulse) 

Counter  reset 

b • 

Command  (series  of  pulses) 

Counter  input 

c . 

Command  (one  pulse  ) 

Execute 

(3)  Acquisition  Confirm  Threshold 

a . 

Command  (one  pulse)  ' 

Counter  reset 

b. 

Command  (series  of  pulses ) 

Counter  input 

c . 

Command  (one  pulse) 

Execute 

(4)  Acquisition  Control 

a . 

Initiate  search 

Initiate 

b. 

Inhibit  search 

Inhibit 

C i 

.Center  IMC 

Initiate 

d. 

Initiate  normal  tracking 

Initiate 

(5)  Spare  discrete  commands 

a. 

* 

b. 

* 

c - 

* 

d. 

To  "be  added  at  a later  date 
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TABLE  5. 1,2-8 
TELEMETRY  DATA 


Power  Supply  Subsystem. - 


Function 

Level 

Accuracy^" 

Bandwidth 

(a) 

Transmitter  Laser  current 

0 to  5 V 

- 2# 

1 Hz 

(bj 

Transmitter  Laser  voltage 

0 to  5 V 

-5# 

rr 

(c) 

Local  oscillator  Laser  current 

0 to  5 V 

-2# 

n 

(a) 

Local  oscillator  Laser  voltage 

0 to  5 V 

. - 5# 

IT 

(e) 

Backup  Laser  current 

0 to  5 Y 

- 2# 

n 

(f) 

Backup  Laser  voltage 

0 to  5 V 

-5# 

it 

Optical /Mechanical  Subsystem 

(a) 

Transmitter  Laser  power  output 

0 to  5 v 

-1% 

0.1  Hz 

(b) 

Local  oscillator  Laser  power 

output 

0 to  5 v 

- 2# 

n 

'(c) 

Back-up  Laser  power  output (A  )2 

0 to  5 V 

- 2# 

rr 

(a) 

Back-up  Laser  power  output(B)^ 

0 to  5 V 

- 2# 

11 

(e) 

LCE  baseplate  temperature 

0 to  5 V 

- 2# 

rr 

(fl 

Radiation  cooler  temperature 

0 to  57 

- 2# 

tr 

(g) 

Sun  shield  temperature 

0 to  5 V 

- 2# 

H 

3-1.4. 1.3 

(a) 

Local  oscillator  Laser  tuner 

voltage : 

0 to  5 v 

-2# 

10  Hz 

(b) 

Transmitter  Laser  tuner  voltage 

0 to  5 V 

- 2# 

10  Hz 

(c) 

Backup  Laser  tuner  voltage 

0 to  5 v 

- 2# 

10  Hz 

(a) 

Modulator  current 

0 to  5 v 

- 2# 

0.1  Hz 

(e) 

Modulator  oven  temperatures 

0 to  5 V 

- 2# 

0-1  Hz 

3 • 1*4. 1.4  Receiver  Subsystem,- 

(a) 

Receiver  AGO  voltage 

1 

0 to  5 V 

- 1# 

10  Hz 

(b) 

LL 

Mixer  bias  current 

0 to  5 V 

- 2# 

0.1  Hz 

(c) 

AFC  Error  output 

0 to  5V 

- 2# 

10  K Hz 

Accuracy  applies  from  25#  of  full  scale  to  75#  of  full 

scale.  ■ 

2.  Back-up  Laser  in  L.O.  mode  (P  16  line) 

3.  Back-up  Laser  in  XMTR  mode  (P  20  line) 

4.  Accuracy  applies  from  10#  of  full  scale  to  50#  of  full  scale. 
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TABLE  5. 1.2-8 
TELEMETRY  DATA 


Acquisition  and  Tracking  Subsystem. - 


Function 

(a)  Coarse  pointing  mirror- 

/ position  (North-South) 

(b ) Coarse  pointing  mirror- 

position  (East-West) 

(c  ) Image  motion  compensation 
position  (North-South) 

(d)  Image 'motion  compensator 

position  (East -West) 

(e)  Acquisition  threshold  voltage 

(f)  Acquisition  confirm  threshold 

voltage 

(g)  Nutator  bias  voltage,  (North-South) 

(h)  Nutation  bias  voltage,  (East -West) 


Bandwidth 
2 Hz 
2 Hz 


5 Hz 
0.1  Hz 

0.1  Hz 
0.1  Hz 
0.1  Hz 


Function 

Bits 

Bit  Rate 

(i ) 

Coarse  pointing  mirror  position 

(East-West ) 

12 

128  bps 

(3) 

Coarse  pointing  mirror  position 

(North-South ) 

10 

128  bps 

Table  5. 1.2-8 
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'0  80  90  100  110  120  130  140 

MIXER  TEMPERATURE,  °K 


VARIATION  OF  NEP  AND  CNR  AS  A FUNCTION  OF  MIXER  TEMPERATURE 


Figure  5. 1.2-1 


Figure  5. 1.2-2 


me 


TRACKING  BLOCK  DIAGRAM  { SIMPLIFIED  ) 
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Figure  5. 1,2-3 


EAST-WEST 
REF  EREIMCE 


NORTH-SOUTH  0 ANGLE  BETWEEN  THE  RECEIVER  BEAM  AXIS 

REFERENCE  AND  THE  AX'S  OF  NUTATION. 


AXIS 


0T  •-  ANGLE  BETWEEN  THE  AXIS  OF  NUTATION 
AND  THE  TARGET  AXIS. 


9 - ANGLE  BETWEEN  THE  TARGET  AXIS  AND 

RECEIVER  BEAM  AXIS. 

0 -■  ROTATION  ANGLE  OF  THE  RECEIVER  BEAM 

AXIS  WITH  RESPECT  TO  EAST-WEST 
REFERENCE  AXIS. 

0 ~ ANGLE  BETWEEN  THE  TARGET  AXIS  AND  THE 

EAST-WEST  REFERENCE  AXIS. 


GEOMETRY  OF 


THE  NUTATING  TRACKING  SYSTEM 
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Figure  5.1.2-^ 


EAST-WEST  PLANE 


3 db  CONTOUR 


RECEIVER  BEAM 


TARGET 


LOCUS  OF  RECEIVER 
BEAM  CENTER 


AXIS  OF  NUTATION 


HEAD-ON  VIEW  OF 
AT  RANGE 


NUTATING 
R FROM 


TRACKING 

TRACKER 


SYSTEM 


Report  No.  4033?  Vol.  I,  Part  1 


Report  No.  40 33  > Vol.  I , Part  1 


5.1.3  Link  Analysis 

This  analysis  sums  and  explains  all  of  the  power  gains  and  losses 
from  transmitter  laser  to  the  receiver  heterodyne  signal  output  from  the  pre- 
amplifier. The  expressions  for  each  gain  or  loss  are  stated  ii  dbm,  which  al- 
lows total  carrier-to-noise  output  from  the  link  to  be  computed  by  adding  up 
the  positive  and  negative  described  terms. 

The  link  analysis  will  consider  the  following  cases: 

a.  At  the  beginning  of  the  experiment , at  maximum  operating- 
temperature  and  minimum  operating -temperature  laser  output , and  mirror  re- 
flectivities of  99 °jo  and  other  nominal  losses  as  described , both  for  operate 
and  for  acquisition  cases. 

b.  At  the  end  of  the  experiment,  at  maximum  and  minimum  oper- 
ating temperature  laser  output  and  all  other  losses  as  described  above. 

Results  of  this  analysis  are  listed  in  Table  5.I.3-I,  which  in- 
cludes the  gains  or  losses  associated  with  each  contributing  item  in  the  LCE 
link.  These  items  are  discussed  individually  in  the  following  subsections, 
arranged  in  the  same  order  as  listed  in  the  table • 

5. 1.3.1  Transmitter  Output  (item  l) 

The  value  of  transmitter  laser  output  power  varies  according  to 
operating  temperature  and  age.  These  values  are  given  by  the  laser  subcon- 
tractor and  are  included  in  the  laser  specifications. 

The  range  of  operating  temperatures  of  the  LCE  is  specified  as 
25  +10°C.  Accordingly,  the  following  values  of  laser  output  power  have  been 
given: 

Beginning  of  experiment 

Minimum  temperature  (l5°C)  790  mw  (29*0  dbm) 

Maximum  temperature  (35°0)  6>50  mw  (28.I  dbm) 

End  of  experiment  (2  years) 

Minimum  temperature  (15°C)  710  mw  (28.5  dbm) 

Maximum  temperature  (35°0)  550  mw  (27*5  dbm) 
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5. 1.3.2  Transmitter  Optical  Coupling  Losses  (item  2) 

The  transmitter  optical  coupling  losses  consist  of  the  losses  re- 
sulting from  the  mirror  and  lens  surfaces,  the  beam  splitter,  the  dup lexer , 
and  the  filter,  but  exclude  blockage  loss.  These  losses  are  summarized  below. 
The  total  transmitter  optical  coupling  losses  are  found  by  adding  the  losses 
of  all  the  components.  Thus,  the  total  loss  is  -1.8  db. 


5. 1.5. 3 


7 mirror  surfaces  at 

.99  ea 

= -.29  db 

1 beam  splitter  (.97)(«99) 

= -.18  db 

4 lens  surfaces 

.99  ea 

= -.17  db 

Duplexer 

.85 

= -.71  db 

Filter 

.90 

= -.46  db 

Total  loss 

-1.8  db 

Blockage  Losses  (Items  3 and  10) 


Because,  of  the  structure  of  the  telescope,  there  will  be  signal 
losses  due  to  the  shadow  of  the  frame,  the  secondary  mirror,  and  the  acquisi- 
tion beam  mirror.  The  blockage  area  is  shown  in  Figure  5.1. 3-1,  where  the 
central  blocking  radius  (due  to  the  secondary  mirror)  is  0.73  in.  and  the  pri- 
mary radius  is  3.875  in.  Since  the  received  signal  will  be  a uniform  beam, 
the  blockage  loss  is  proportional  to  the  shadowed  area.  The  transmitted  beam 
will  have  a Gaussian  distribution,  and  so  the  blockage  loss  must  be  found  by 
integrating  the  powdr  distribution  over  the  shadowed  area. 


The  receiver  blockage  calculation  can  be  separated  into  three 
calculations:  for  the  central  blockage  area,  the  spider  blockage  area,  and 

the  acquisition  beam  mirror  area.  The  central  blockage  area  is  only  the  area 
of  the  circular-type  region  in  the  center  with  the  rectangular  region  attached 
to  it. 

The  circular -type  area  is  the  secondary  mirror  retainer  as  viewed 
by  a beam  traveling  to  the  primary  mirror  and  the  rectangular  region  is  the 
retainer  as  viewed  by  the  beam  incident  on  the  coarse  mirror  from  an  outside 
source.  This  area  is  2.24  in.2.  An  effective  radius  is  found  from  this  area 
by  computing  the  radius  of  the  circle  which  has  an  area  of  2.24  in.2.  The 
effective  radius  is  .845  in.  or  21.45  mm. 


5.1. 3-2 


Report  No.  4033*  Vol.  I,  Part  1 


The  spider  blockage  area  is  computed  by  adding  the  areas  of  the 
six  legs.  A^  and  are  due  to  the  blockage  by  the  legs  after  the  signal  is 
reflected  from  the  coarse  mirror  and  is  transmitted  to  the  primary  mirror. 

The  ■width  of  the  shadow  is  l/4  in.,  the  width  of  the  legs.  is  due  to 
blockage  by  the  legs  when  the  beam  is  incident  on  the  coarse  mirror.  In  this 
case,  the  signal  is  at  an  angle  of  45°  to  both  the  l/4-in.  and  the  3/8-in. 
sides  of  the  legs.  This  gives  an  effective  width  of  (3/8  + l/4)  cos  45°  = 
.442  in.  When  the  width  times  the  length  of  each  of  the  legs  is  multiplied 

and  the  results  are  added  together,  the  spider  blockage  area  is  calculated  to 

2 

be  5 • 31  in . . ■ 

The  acquisition  beam  mirror  blockage  area  is  the  area  of  the 

shadow  of  the  mirror.  The  shadow  is  a circle  of  radius  0.197  in.,  which 

2 

gives  an  area  of  .12  in.  . 

To  find  the  total  power  loss  in  db,  the  blockage  area  divided  by 
the  total  signal  area  is  subtracted  from  1.  This  gives  an  effective  power 
ratio  of  0.833  which  is  -.79  db  blockage  loss. 

The  transmitter  blockage  calculation  can  be  analyzed  in  the  same 
manner  that  the  receiver  blockage  calculation  was  analysed.  The  central 
blockage  area  was  assumed  to  be  a circle  with  a radius  equal  to  the  effective 
radius.  The  blockage  loss  was  computed  with  a computer  program  using  the 
equation  given  in  the  Optical  Train  Analysis  section.  This  central  blocking 
loss  was  found  to  be  -1.00  db. 

■ The  calculation  of  the  spider  blockage  loss  was  calculated  by  as- 
suming the  configuration  in  Figure  5*1*3“2.  The  combined  spider  blockage 
area  is  equal  to  the  sum  of  the  widths  of  the  legs,  which  is  1.884  in.,  times 
the  distance  between  the  effective  radius  and  the  primary  radius,  which  is 

-r2 

3.03  in.  The  amplitude  .distribution  is  E(r)  = E e — - where  E is  5*58  and 

! 1 0 20 

o is  1.82  in.  The  power  is  equal  to  the  integral  of .the  intensity  distribu- 
tion over  the  area.  This  is  approximated  by  summing  the  intensity  times  the 
area  of  bands  which  are  separated  by  . 505  in.  The  blocked  power  is  found  to 
be  47.6  raw,  which  is  -.33  db. 
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The  acquisition  beam  mirror  loss  is  approximated  by  using  a point 
at  the  center  of  the  circle  and  by  multiplying  the  power  at  that  point  by  the 
area.  This  value'  turns  out  to  be  negligible  when  compared  with  the  other 
losses. 


The  total  transmitter  power  loss  is  computed  by  adding  the  losses 
from  each  area.  The  total  loss  is  equal  to  -1.33  db. 

Calculations  of  blockage  losses: 

Telescope  blockage 

Blockage  area  for  R_^  = 3 •875" 

R = .73" 
b 


A,  Central  Blockage  Area  = 2.24  in. 
1 /A. 


R,  ~ effective  circle  radius  =\—  - .845  in.  (21.45  mm) 


Spider  blockage  area 

^l6>n‘  X = ^*278  in.2 


A2  = 


46 


A^  - x l/4  = .719  in. 

A4  = T6  X ” -T66  in.2 

Atotal  = ^2  + 2A  + 2\  = 2.540  + I.438  + 1.532  in.2 
= 5*51  in. 

Acquisition  beam  mirror  blockage  area 
Area  = *(.197)^  = .12  in.2 
Receiver  blockage  loss 

P 

r n 2.24  + 5*51  + »12  t /"  r-j  Q-r-? 

p—  - 1 - = 1 - .167  = .033  or  -.79  db 

o ^(3-875)" 

Transmitter  blockage  loss 

Central  blockage  loss  = -1.00  db 
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Spider  loss  (P^) 

Let  Pq  = 650  mw  (reference) 

The  amplitude  distribution  is: 
2 


E(r)  = E e 


2cr 


-i 

- i\f  — 

rr  " o 


where  E = , _ 

o cr  2it 

cr  = 46.13/25.4  = 1.82  in. 

2 


. 4 . E(r)  = 


10.15  2(1.82)' 

1.82  e 


= 5-58  e 


2 

r 

6.60 


3.875 

P = f E2(r)  dA~  X E2(r  ) dA(r  ) 

2 l i=.845  1 1 


= .845 

-TV 

with  dr  = .505  in. 

= 47.6  mw 


47.6 

65b- 


Then  = 1 - ~ = 1 - = 1 - .073  = .927  or  -.33  db 


Acquisition  beam  mirror  loss 

P ^ = J E2(r)  <ia~E2  (3*678)  x jt(  .197)’ 


A 

= .063  mw 


r = 1 - si2*1-00  or  0 db 

o ' 


Total  transmitter  blockage  loss  = -1.00  - .33  - -1*33  db 
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3. 1.3.4  Transmitter  Telescope  Gain  (item  4) 
Telescope  gain  in  defined  by 

_ l(9)Q«Rg)  _ 1(9) (4«R2) 

= PT  - Vo 


where 

G = transmitter  telescope  gain 

R = distance  to  receiver  (refer  to  next  paragraph  for 

this  calculation) 

l(0)  = far  field  off-axis  intensity 
= transmitted  power 

7/  = ratio  of  transmitted  power  to  telescope  input  power 

- input  power  to  telescope 

From  section  5.2.1.10  of  the  Optical  Train  Analysis,  the  far  field  on -axis 
calculation  of  l(o)/P  is  derived  as 


Ml  _ 

p 


2 

2 it  R 


exp 


-R£ 


- exp 


J2L 


4 


where 

R = primary  mirror  radius  = 3*875  in. 

P 

R - secondary  mirror  blockage  radius  = .845  in. 
b 

cr^.  = transmitter  beam  sigma  = 1.8l  in. 

K = 2.%/\ 

Thus,  Gt  is  found  to  be  2.9579  x 10^,  or  94.71  db. 

5.I.3. 5 Free  Space  Loss,  Zenith  Angle  = 30°  (item  5) 


The  free  space  loss  was  computed  for  a distance  R between  a syn- 
chronous satellite  and  a point  on  earth  having  a 30°  zenith  angle.  The  formu- 
la for  free  space  loss  is  derived  in  paragraph  5*1»3*9>  where  the  relationship 
between  transmitter  and  receiver  telescope  gains  and  isotropic  free  space  loss 
is  shown.  The  calculated  value  of  free  space  loss  is  converted  into  db  using 
the  equation  below. 
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F = 


4 Jt  R‘ 


R is  derived  from  the  equation 

R = V D2  sin2  a + h2  + 2hD 

■where 

D = radius  of  the  earth  (6.37  x 10^  meters) 
a = elevation  angle  (60°) 
h - synchronous  altitude  (3*8  x 10  tan) 

5. 1.3. 6 Atmospheric  Attenuation  Loss  (item  6) 

Figure  5.1. 3-3  gives,  the  atmospheric  attenuation  loss  as  a func- 
tion of  the  zenith  angle,  defined  as  the  angle  between  the  slant  range  and 
the  line  connecting  the  center  of  the  earth  and  the  ground  station. 


The  atmosphere Ts  attenuation  loss  computation  is  based  on  the 
Aero jet -Anding  Atmospheric  Transmission  Program  (ATMO)  for  10.6  microns  using 
the  Air  Force  Cambridge  Research  Laboratory  mid-latitude  atmospheric  model 
(AFCRL).  ATMO  is  based  on  a 45-tan  atmospheric  layer  and  calculates  atmos- 
pheric attenuation  in  the  slant-range  due  to  molecular  absorption  by  C0o,  H^O, 
and  0 and  due  to  absorption  and  scattering  by  aerosols. 

3 


ATMO  is  based  on  D.  A.  Anding* s work  Band-Model  Methods  for  Com- 
puting Atmospheric  Slant-Path  Molecular  Absorption  (1967).  The  pressure, 
temperature,  and  water-vapor  c ontent  as  a function  of  altitude  are  based  on 
Humidity  Up  to  the  Mesopause  (1968)  by  Sissenwine,  Grantham  and  Salmela, 
while  the  CC>2  content  is  based  on  the  Lockheed  value,  300  parts  per  million. 

An  approximation  to  mie  scattering  is  based  on  Etterman*s  A Model  of  a Clear 
Standard  Atmosphere  for  Attenuation  in  the  Visible  Region  and  Infrared  Windows 
(1963).  The  AFCRL  model  atmosphere  is  derived  from  measurements  taken  at  45° 


north  latitude  and  an  average  of  all  longitudes. 


5. I.3. 7 Receiver  Nutation  Axis  Transmitter  Optical  Axis  Misalign- 
ment Loss  (item  7) 


The  optical  axis  misalignment  covers  a decrease  in  received  power 
in  proportion  to  the  angle  from  the  transmitter  optical  axis.  The  power 
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decrease  versus  angle  is  shown  in  the  transmitter  field-of-view  intensity 
curve  in  section  5*2.1.10.  From  specifications,  the  transmitter  and  receiver 
optical  axes  will  be  within  3 sec.  The  intensity  loss  from  the  given  figure 
shows  -.TO  db. 

5. 1.3*8  Tracking  Error  Loss  (item  8) 

The  sensitivity  of  the  nutator/lMC  servo  loop  in  tracking  the  re- 
ceived beam  determines  the  ability  of  the  system  to  aim  the  telescope  optical 
axis  at  the  center  of  the  transmitted  power  envelope.  The  transmitter  field 
of  view  is  illustrated  in  section  5*2.1.10.  The  nutator  external  telescope 
noise  half  angle  is  specified  as  1.5  sec.  Then  from  the  given  figure,  the 
intensity  loss  from  peak-on-axis  intensity  is  -0.3  db. 

5. 1.3-9  Receiver  Gain  (item  9) 


The  receiver  telescope  gain  differs  from  the  transmitter  tele- 
scope gain  since  the  intensity  distribution  of  the  beam  on  the  receiver  pri- 
mary is  uniform  instead  of  Gaussian.  The  total  attenuation  of  the  path  from 
transmitter  to  receiver  can  then  be  expressed  as  the  ratio  of  received  power 
to  transmitter  power. 


” w 


l(Q)4itr 

PT 


2 


where 


G0  = receiver  gain 

= transmitter  gain  (from  para.  5 *1*3 -4) 
F = free  space  loss  (from  para.  5 *1*3 *4) 
r = receiver  radius  (3*875  in*) 

As  defined  in  paragraphs  5*1*3«4  and  5 *1*3 *5 


GT  ^ 


l(Q)(4itR<j) 


F = 


5* 1.3-8 
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Substituting  these  into  the  first  equation  gives  the  formula  for  receiver 
gain. 


Substituting  the  values  into  these  gives 

= 3«4o4  x 10^  or  95-31  lb 
K 


5.I.3.IO  Receiver  Blockage  Losses  (item  10 ) 

Refer  to  paragraph  5-1-3-3  f°r  the  analysis  of  receiver  and  trans- 
mitter telescope  blockage  losses. 

5.1.3-H  Receiver  Optical  Coupling  Losses  (item  11 ) 

The  coupling  losses  consist  of  the  losses  due  to  the  mirror  and 
lens  surfaces , the  duplexer,  and  the  filter,  but  excluding  blockage  loss. 

These  losses  are  listed  in  the  following  table. 


8 mirror  surfaces  at  .99  ea*  - -*33  lb 
6 lens  sur faces  at  .99  ea.  = -.27  db 
Duplexer  .85  = -.71  db 
Filter  .90  = -.46  db 


Total  Loss 


-1.8  db 


5.1.3.12  Phase  Misalignment  Loss  (item  12) 

The  misalignment  of  the  phase  planes  of  the  received  signal  and 
the  local  oscillator  beams  focused  on  the  mixer  is  a result  of  any  angular 
tilt  between  the  optical  axes  of  the  two  beams  at  the  mixer  and  of  the  total 
effect  of  all  plane  wavefront  distortions  caused  by  aberrations  in  the  flat- 
ness or  the  designed  curvature  of  optical  components  in  the  optical  train. 

To  discuss  the  effect  of  these  separately  - first,  the  angular  tilt  between 
axes  has  been  reduced  to  the  angular  compensation  by  the  nutator  to  correct 
for  lateral  movement  of  the  mixer  from  its  aligned  position.  For  an  align- 
ment tolerance  of  0.015  in.,  the  tilt  angle _ is  found  by  taking  the  arctangent 
of  the  displacement  to  imaging  lens  focal  length. 

9 = tan"1  (0.005/5.0) »sl  mrad 
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The  corresponding  loss  is  less  than  0.1  db,  based  on  the  phase  tilt  loss 
analysis. 

The  second  loss  contribution  from  distortion  of  the  receiver  beam 
and  local  oscillator  beam  plane  wavefronts  is  found  from  the  design  tolerance 
specifications.  The  following  tolerances  are  listed  as  the  limiting  produc- 
tion: 

Receiver  path 

Telescope  optics 
Receiver  path  to  mixer 
Local  oscillator  path 

The  maximum  distortion  between  the  two  wavefront  planes  is  the 
root -mean -square  of  the  three  independent  variances.  Assuming  also  a worst - 
case  estimate  that  the  distortion  is  a plane  tilt  of  this  value,  1.75  A/lO; 
the  loss  is  computed  as  follows: 


p 

tilt 

sin 

-v-  ro 
* 

R . sin 
d 

tan  ^ 

(¥?)]  11 

P 

0 

2*  R 
x R0 

m) 

* 

= *905 

In  db  loss,  this  is  -0.43  db,  as  shown  also  in  Figure  5«1.3-^  for  signal  loss 
due  to  phase  tilt  versus  mixer  displacement. 

5.1.5.15  Power  Loss  at  Mixer  Imaging  Lens/Airy  Disk  Mismatch  (item  15) 

The  Airy  disk  loss  is  expressed  as  a function  of  the  ratio  of 
mixer  radius  to  focal  length  of  the  received  signal  imaging  lens.  The  opti- 
mum focal  length  for  r^  = 0.1  mm  is  shown  in  Figure  5*1«5“5  to  be  at  the  maxi- 
mum value  of  the  ratio  of  power  in  the  focused  signal  Airy  disk  to  total 
imaged  signal  power.  This  maximum  power  ratio  of  .72  is  for  a focal  length 
of  160  mm. 

Since  the  receiver  field  of  view  is  too  narrow  (25  sec)  for  the 
tracking  electronics,  the  focal  length  was  chosen  at  the  sub-optimal  value  of 
I50  mm,  which  results  in  'an  increased  field  of  view  (30  sec)  and  a slight 


x/10 

A/10 

x/10 


i 
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decrease  in  signal  power  on  the  mixer  to  .TO.  This  mismatch  loss  in  db  is 
increased  from  an  optimal  value  of  -1.43  db  to  -1*55  Refer  to  paragraph 

5. 2.1. 2 of  the  Optical  Train  Analysis  for  a discussion  of  this  tradeoff  loss. 

V 

5.1.3.14  Mixer /Local  Oscillator  Airy  Disk  Mismatch  Loss  (item  l4) 

The  amount  of  mismatch  between  the  mixer  and  center  of  the  local 
oscillator  power  Airy  dish  that  is  focused  on  the  mixer  focal  plane  is  de- 
pendent on  the  lateral  tolerance  designed  into  the  mixer  radiator  mounts. 

The  thermal  and  mechanical  design  of  the  radiator  requires  that  the  mixer  and 
its  radiator  mount  be  supported  on  the  LCE  baseplate  by  thermal  resistive 
pads.  As  a result;  some  lateral  shift  of  the  mixer  is  expected  after  pre- 
launch alignment,  caused  by  the  shock  and  vibration  of  the  launch  and  the 
change  to  space  environment.  The  limiting  constraint  in  the  design  toler- 
ance is  the  permissible  mismatch  between  local  oscillator  Airy  disk  and  the 
mixer.  The  discussion  of  the  alignment  tolerances  is  in  para.  6. 4. 5. 4. 8. 

Based  on  a maximum  movement  of  0.015  in.,  the  resulting  increase  in  mixer 
noise  is  shown  to  be  -0.1  db. 

5.1.3.15  Noise  Power  (item  15 ) 

The  noise  power  is  the  product  of  Noise  Equivalent  Power  in  watts/ 
Hz  and  the  receiver  bandwidth  (12  MHz).  The  Noise  Equivalent  Power  is  de- 
fined as  the  signal -to-noise  ratio  of  unity  at  the  output  of  the  OERS  pre- 
amplifier. Therefore,  it  includes  the  mixer  shot  noise,  background  noise, 
mixer  intrinsic  noise,  bias  current  noise,  and  preamplifier  front-end  noise 
contributions.  The  NEP* is  a function  of  the  mixer  temperature.  The  varia- 
tion of  expected  NEP  as  a function  of  expected  mixer  temperature  is  shown  on 
Figure  5.1. 2-1.  Mixer  boules  grown  specifically  for  the  LCE  program  may  re- 
sult in  improved  NEP  in  the  expected  mixer  temperature  range.  The  resulting 
CNR  is  also  shown  on  this  figure. 

5.1.3.16  Carrier-to-Noise  Ratio 

The  carrier-to-noise  ratio  for  each  case  considered  is  the  summa- 
tion of  all  the  gains  and  losses  of  the  link.  The  heterodyned  mixer  output, 
when  the  units  are  locked  on  and  tracking,  will  have  the  given  carrier-to- 
noise  ratio  signal  input  to  the  IF  amplifier. 
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3.1.3.17  Acquisition  Carrier-to-Noise  Ratio 

; The  on-axis  signal-to-noise  ratio  for  the  acquisition  mode  is 
computed  by  subtracting  from  the  carrier -to -noise  ratio  the  difference  between 
antqnna  gains  and  transmitter  blockage  losses  through  the  telescope  normal 
operating  mode  and  the  direct  path  to  the  coarse  pointing  mirror  in  the  acqui- 
sition mode.  This  difference  in  gains  and  losses  is  given  in  para.  6.4.5. 3, 
Acquisition  Signal  Path  Optimization,  where  an  analysis  is  made  of  the  acqui- 
sition field  of  view  and  on-axis  intensity.  A single  difference  value  is  sub- 
tracted in  all  four  cases,  since  the  change  in  transmitter  laser  power  is  al- 
ready included  in  the  C/W  ratio  values. 

As  shown  in  the  analysis,  the  drop  in  on-axis  intensity  is  the 
result  of  spreading  the  half  angle  to  the  3-db  power  point  to  O.I78  degrees. 

t 

Two  small  additions  are  gained,  however,  by  the  loss  of  central  blockage. 
First,  the  power  blocked  by  the  secondary  mirror  in  the  center  of  the  Gaussian 
distributed  beam  is  now  transmitted.  Second,  the  additional  dispersion  of  the 
beam  by  the  central  blockage  is  removed  so  that  the  beam  diameter  from  the 
acquisition  beam  expander  becomes  the  diffraction  limiting  aperture.  Hence, 
the  total  difference  between  the  on-axis  intensities  is  the  sum  of  these  gain 
and  loss  changes  in  the  acquisition  beam  path.  The  receiver  of  course  still 
uses  the  telescope  for  receiving  the  transmitted  acquisition  beam.  For  in- 
stance, at  the  beginning  of  the  experiment  at  minimum  operating  temperature, 
the  acquisition  carrier-to-noise  ratio  is  -4.1  db,  after  subtracting  29-6  db 
from  the  carrier-to-noise  ratio. 
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TABLE  5. 1.3-1 


LGE  LINK  ANALYSIS,  OPERATING  MODE 


Beginning  of 

Experiment 

End  of  Experiment  (2  Years ) 

Min.  Operating 
Temp.  (15 °C) 

Max.  Operating 
Temp.  (35°C) 

Min.  Operating 
Temp.  (15°C) 

Max . Operating 
Temp.  (35 °C) 

1. 

Transmitter  Output 

29.0  dbm 

28 . 1 dbm 

28.5  dbm 

270  dbm 

2. 

Transmitter  Optical  Coupling  Loss 

-1.8 

-1.8 

-1.8- 

-1.8 

3. 

Blockage  & Truncation  Loss  at  XMIR  (Radius 
Primary  = 96. 42,  X 10-Power  Telescope) 

-lo 

-1.3 

-IO 

-lO- 

4. 

Transmitter  Telescope  Gain  (Optimum  Gaussian 
Intensity  Distribution  on  the  Primary) 

+94.7 

+94.7 

+94.7 

+94.7 

c 

; * 

Free-Spaee  Loss  (Synch,  Alt.,  30°  Zenith  Angle) 

-272.7 

-272.  ' 

-272.7 

-272.7 

6. 

Atmospheric  Attenuation  Loss 

-1 . 2 

-1 . 2 

-1.2 

-1.2 

7. 

Receiver  Nutation  Axis /Transmitter  Optical  Axis 
Misalignment  Loss 

-.7 

-.7 

-•7 

-.7 

8. 

Tracking  Error  Loss 

-•3 

-.3 

-O 

-O 

9. 

Receiver  Gain  (Uniform  Intensity  Dist.  on  the 
Primary) 

+950 

+950 

+950 

+950 

20. 

Receiver  Blockage  Loss 

-.8 

-.8 

-.8 

-.8 

11. 

Receiver  Optical  Coupling  Losses 

-1.8 

-1.8 

-1.8 

-1.8 

12. 

Phase  Misalignment  Loss 

-.4 

-.4. 

-.  4 

-.4 

13. 

Power  Loss  at  Mixer  Imaging  Lens /Airy  Disk 
Mismatch 

-1.6 

-1.6 

-1.6 

-1.6 

Ik. 

Mixer  Local  Oscillator  Airy  Disk  Mismatch  Loss 

-.1 

-.1 

-.1 

-.1 

13. 

Noise  Power  (NEP  = 10  ^ w/Hz,  Noise  Bandwidth 
- 12  MHz)  (with  mixer  temperature  = 98  to  106°K) 

+89.2 

+89.2 

+89.2 

+89.2 

16 . 

Carrier/Noise  Ratio  (db) 

25.5 

24.6 

25.2 

24.2 

17. 

Acquisition  Carrier/Noice  Ratio  (29.6  db  below 
C/N  ratio) 

-4.1 

-4.9 

r4.4 

-50 
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SPIDER  BLOCKAGE 


TRANSMITTER  BLOCKAGE  CONFIGURATION 


Figure 
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Figure  5. 1.3-3 
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SIGNAL  POWER  WITHIN  A CIRCLE  OF  RADIUS  R,  IN  THE 
FOCAL  PLANE  AS  A FUNCTION  OF  Ra  / P 


Figure  5. 1.3-5 
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5.1.4  Communications  Analysis 

An  in-depth  analysis  of  the  LCE  communications  link  has  been 
performed  in  order  to  determine  the  appropriate  system  requirements.  A 
summary  of  the  results  is  presented  helow.  Details  of  the  ..analysis  are 
given  in  Appendix  A. 

\ 

The  communications  block  diagram  is  shown  in  figure  5 .1.4-1. 
The  vestigial  sideband  up- translator  shifts  the  baseband  spectrum  from  the 
30-Hz- to- 4.6-MHz  range  to  1.4  to  6.0  MHz,  with  an  added  T,vestigen  of  the 
lower  sideband  of  0.4  MHz.  The  frequency  up- conversion  is  used  in  order 
to  .bypass  the  GaAs  modulator  piezoelectric  resonances,  which  fall  in  the 
frequency  region  from  100  to  900.kHz  and  which  produce  signal  distortion 
(for  details,  see  Appendix  A). 

The  FM  modulator  is  designed- to  produce  a peak  frequency 
deviation  of  4 MHz.  , The  resulting  spectral  distribution  of  the  FM 
carrier,  assuming  the  baseband  of  uniform  spectral  distribution  and  ran- 
dom phase,  is  shown  in  Figure^  5 .1*4-2.  The  ratio  of  second-order  spectrum 
to  first-order  peak  is  given  in  Figure  5*l*4-2.  It  can  be  seen  that  the 
ratio  at  f + 6 MHz  is  -26  db . The  carrier  spectral  distribution  for 

a black-and-white  television  baseband  is  shown  in  Figure  3 .1.4-4.  As 
shown,  the  spectral  components  are  down  - 20db  at  f + 4 MHz.  Based  on 

these  spectral  analyses  it  is  evident  that  the  low  index  frequency  modu- 
lation is  'taking  place  at  peak  frequency  deviations  up  to  4 MHz.  Further, 
computation  of  the  effective  modulation  index  for  a TV  baseband  signal 
at  peak  frequency  deviation  of  4 MHz' re suits  in  a p = 0-465  which  substan- 
tiates the  above  conclusion.  Therefore,  the  receiver  IF  bandwidth  of  12 
MHz  has  been  specified  centered  at  30  MHz  (see  5 *2. 4-1  for  IF  center- 
frequency  selection,  and  Appendix  A for  other  detailed  computations). 

The  receiver  IF  filter  characteristics  are  chosen  to  give  a 
signal- to-distortion  ratio  of  +33  db,  or  larger  (for  details,  see  Appendix 
A).  The  limiter  has  a flat  frequency  characteristic  between  24  and  36 
MHz,  a power  compression  ratio  of  10,  and  an  AM  to  PM  conversion  factor 

of  1.5  °/db.  The  discriminator  linearity  is  within  3$  at  f +6  MHz. 
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The  characteristic  of  the  vestigial  filter  is  shown  in  Figure 
5. 1.4-5.  To  met  the  signal-to-distortion  ratio  of  27  db,  the  odd  symmetry 
of  the  filter  within  the  f +0.2  MHz  is  specified  at  + Q.l  db.  (For 
other  details,  see' Appendix  A.)  , 

The  output  video  amplifier  has  essentially  a flat  response 
"between  1.0  and  6.0  MHz  and  a linear  phase  characteristic  as  shown  in 
Figure  5 .1.4-6. 


For  the  LCE  Communications  System  described  in  preceding 
paragraphs  the  post  detection  peak  signal-to-rms  noise  is  given  by 
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Peak  signal  power 
Rms  noise  power 
1.4  MHz 

Video  bandwidth  =4.6  MHz 
Peak  frequency  deviation 

Predetection  carrier- to-noise  ratio  of  25  db 
Bandwidth  of  the  IF  of  12  MHz 


The  peak  signal-to-rms  noise  is  computed  to  be  32.7  db.  (por 
detailed  derivation  of  p/N  equation,  see  Appendix  A). 

In  summary,  the  following  error  budget  results  for  the 
communications  link  (See  Appendix  A): 
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Error  Source 

Random  noise 
Transmission  deviations 
Phase  effects,  36  db 
Amplitude  effect,  33*6  db 
Modulator/clemodulator  linearity 
Vestigial  filters 
Vestigial  phase  tracking  error 

Total 


Signal  to  Distortion 
52-7  db  (fD  = b MHz) 
33.0  db 


36.0  db 
27-0  db 

36-O  db 
26.7  db 
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5.1.5  Acquisition  Analysis 

A 'two-station  spatial  scan  technique  is  incorporated  in  the 
acquisition  of  the  transmitter  beam  of  one  station  by  the  receiver  of  the 
other  station.  The  transmitter  beams  of  both  stations  are  broadened  and 
the  receivers  of  both  stations  are  spatially  scanned  simultaneously. 

Both  receivers  are  scanned  in  a rectangular  search  pattern,  with  the  scan 
retrace  at  the  end  of  each  horizontal  scan  line.  Acquisition  is  con- 
sidered completed  when  both  receivers  have  acquired  their  respective 
transmitter  beams,  and  the  acquisition  and  tracking  subsystems  are  track- 
ing the  transmitter  beams . 

System  design  analyses  have  been  made  to  establish  the  various 
system  design  parameters.  With  the  design  parameters  established,  system 
performances  were  analyzed  by  taking  into  consideration  the  following 
major  parameters: 

Target- location  uncertainty 
Spacecraft  drift  rate 
Local  oscillator  stability 
Background  noise 
Acquisition  probability 
False -alarm  probability 
Carrier-to-noise  ratio 
Signal- to- noise  ratio 
IF  filter  bandwidth 
Post-detection  filter  bandwidth 
Transmitter  beamwidth  expansion 
Search  angle 
Acquisition  time 
Design  margin 
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5.1. 5-1  System  Performance  Summary 

A functional  block  diagram  of  the  acquisition  subsystem  is 
shown  in  Figure  5*1* 5-1*  The  values  of  the  various  system  parameters 
were  selected  to  optimize  the  acquisition  probability  and  signal- to- 
noise  of  the  acquisition  signal.  The  methods  used  in  the  evaluation  of 
system  performance  and  in  selecting  the  values  of  the  various  system 
parameters  are  summarized  in  the  subsequent  sections.  Further  details 
of  the  method  and  analyses  are  presented  in  Appendix  B. 

Figure  5 *1*5-2  shows  the  performance  of  the  system  in  terms 
of  acquisition  time  as  a function  of  the  spacecraft  roll  rate,  with  the 
local  oscillator  stability  as  a parameter.  Conditions  under  which  the 
curves  are  generated  are  specified  in  the  same  figure.  Since  the  amplitude 
stability  of  the  local  oscillator  is  a critical  parameter  in  determining 
acquisition  time,  this  parameter  is  used  in  generating  the  curves. 

The  curves  indicated  for  a given  value  of  local  oscillator  stability, 
acquisition  time  decreases  as  the  spacecraft  roll  rate  decreases.  By 
specifying  the  local  oscillator  stability  of  0.3  percent  (the  present 
design  goal),  and  a maximum  spacecraft  roll  rate  of  0.001  degree/second , 
the  acquisition  time  is  determined  to  be  220  seconds. 


The  system  performance  is  summarized  as  follows: 


Target  location  uncertainty 
Acquisition  probability 
False  ^alarm  time 
Acquisition  time 
Design  s/n  margin 


+0.2  degrees 

0.9 

1100  sec  (one/five -scan  frame) 

220  sec 

5.6  db  (4.9  db,  including 
filter  losses) 


To  accomplish  the  performance  objectives,  the  following  operat- 
ion conditions  and  system  design  parameters  are  specified: 


5. 1.5-2 


Report  No.  4033,  Vol.  I,  Part  1 


5. 1.5. 2 


Maximum  spacecraft  drift  rate 

Local  oscillator  amplitude  stability 

Carrier-to-noise  ratio  at  IF  filter  output 

IF  filter  noise  equivalent  bandwidth 

Post-detection  filter  bandwidth 

Expanded  transmitter  beamwidth 

Receiver  beamwidth 

Search  angle 

Search  time 


0.001  deg/sec. 
0.3#  (5-45  Hz) 
-15 . 4 db 
8.5  MHz 
2 to  14  Hz 
0.177  degree 
30  arc-sec 
+0. 208  degree 

220  seconds  per 
scan  frame 


Received  Signal-to-Noise  Ratio  at  Time  of  Acquisition 


During  acquisition^  the,  transmitters  of  both  stations  are 
broadened  and  the  receivers  of  both  stations  are  spatially  scanned 
simultaneously.  The  transmitter  and  receiver  beamwidths  and  the  search 
scanning  rate  are  such  that  the  energy  received  at  the  time  of  acquisition 

has  a carrier-to-noise  ratio  of  C at  the . IF  filter  output.  The  dwell 

N 

time  for  a position  in  the  scan  is  t . Analysis  in  Appendix  B indicated 
the  post-detection  signal-to-noise  ratio  of  the  acquisition  signal  is 


given  as: 


where 


(5. 1.5-1) 


= Signal-to-noise  ratio  of  the  acquisition  signal 

C Carrier-to-noise  ratio  at  the  IF  filter  output 
N " 

3^=  Equivalent  noise  bandwidth  of  the  IF  filter 

Post-detection  or  acquisition  signal  bandwidth 
cx  = Local  oscillator  power  output  fluctuation 


— = Received  background  noise 

t = Scan  dwell  time,  or  l/2  B 
P ' a 


5. 1.5-3 


Report  No.  bOJJ , Vol.  I,  Part  1 


The  scan  dwell  time,  t , as  a function  of  the  various  system 

P 

parameters  has  derived  in  the  Appendix  B as: 


t = 
P 


1 PTf  8 Bo2 

29  (2©  + ©t.) 

y y f 


p = Active  fraction  of  the  search  scan  line 

= Acquisition  time  or  frame  time 

5 = Scan  line  overlap 

Bq  - Angle  defining  the  receiver  heamwidth 

9 = Search  angle 

7 

9 - Spacecraft  roll  rate 

If  aQ  is  the  percent  of  local  oscillator  output  power  fluctuation  in  the 
"bandwidth  of  Af,  the  local  oscillator  output  power  variation  falling  in  the 
acquisition  signal  "bandwidth,  , is: 

d 


Substituting  Equation  (-5)  into  Equation  (-1): 
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5 *1.5-3  Sb lection  of  IF  filter  Bandwidth 

Equation  (5*1»5"*+)  indicated  that  to  optimize  the  signal- to- 
noise  ratio  of  the  acquisition  signal,  the  IE  "bandwidth  should  he  made 
as  small  as  allowable  by  the  frequency  uncertainty  between  the  transmitter 
of  one  station  and  the  local  oscillator  of  the  other  station.  To  determine 
worst -case  frequency  uncertainty,  the  four  following  factors  have  been 
taken  into  consideration : 

Transmitter  frequency  uncertainty 
Local  oscillator  frequency  uncertainty 
Local  oscillator  dithering  frequency  deviation 
Doppler  shift 

During  the  acquisition  period,  communication  between  the  two 
stations  has  not  yet  established.  Therefore,  the  transmitter  frequency 
of  one  station  and  the  local  oscillator  frequency  of  the  other  station  are 
controlled  independently.  The  local  oscillator  performs  a frequency 
dithering  to  locate  its  center -line  frequency.  The  dithering  amplitude 
produces  a frequency  deviation  about  its  center  line.  An  additional 
frequency  uncertainty  is  produced  when  the  local  oscillator  frequency  is 
offset  from  its  center  line.  Analysis  in  Appendix  B indicated  that  with 
the  various  factors  taken  into  consideration,  an  IF  bandwidth  of  + 2.0 
MHz  is  required.  The  IE  transfer  characteristic  H(W)  is 

H(W)  = 

(s-w1)n(s-w2)n 

K = Filter  constant 

W1  = 2*fl>  w2  - 2*f2 

f = Filter  lower  cutoff  frequency 

f = Filter  upper  cutoff  frequency 
n = Number  of  filter  poles 

The  characteristics  of  a filter. with  n-4  are  shown  on  Figure 
5.1*5”3*  This  filter  provides  an  attenuation  of  not  more  than  0.5  db 
at  the  frequency  of  + 2.0  MHz. 
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The  equivalent  noise  "bandwidth  of  the  filter,  Bj,  is 


r 00 
J -co 

|h(w) 

| ^ dw 

H(W)| 

ro 

B!  = 


A value  of  =8.5  MHz  is  obtained  by  numerical  integration  of  the 
filter  characteristics  shown  in  Figure  5*1*5~3» 

5. 1.5* 4 Optimization  of  Received  Power 

\ i . ; 

Equation  (5-l»5-^)  indicated  that  to  optimize  the  signal-to-noise 

ratio  of  the  acquisition  signal,  the  carrier -to -noise  ratio  of  the  received 

C C 

energy  ^ at  the  time  of  acquisition  must  be  optimized.  To  maximize  the 

three  following  design  parameters  have  been  taken  into  consideration: 


Expansion  of  transmitter  beamwidth 
Search  angle 
Scan  line  overlap 


Detailed  analysis  in  Appendix  B indicates  that  the  optimum  width 
of  the  expanded  transmitter  beam  for  maximum  received  energy  is  obtained  by 
setting  the  target  uncertainty  angle,  9^,  equal  to  the  angle  9 . The  angle 
9q  must  satisfy  the  following  relationship: 

P(e0)=£|^-  (5- 1-5-5) 


(5. 1.5-6) 


where 

f ' P(9q)  = Expanded  transmitter  power  density  at  the  angle  9^ 

P(0)  = On -axis  power  density  (peak  power  density)  of  the 
expanded  beam 

+9^  - Target  ■uncertainty  angle 

Equation (5. 1.5 "5 ) shows  that  power  density  at  9^  is  down  or 
-4.38  db  from  the  on -axis  peak. 

During  acquisition,  the  receiver  beams  of  both  stations  are  scanning 
in  a rectangular  pattern  with  scan  retrace  at  the  end  of  each  horizontal  scan 
line.  To  compensate  for  the  motion  of  the  target,  a certain  amount  of  overlapping 
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of  the  scan  line  is  required.  Detailed  analysis  in  Appendix  B indicated  that 
the  optimum  amount  of  overlapping  is  achieved  when  the  overlapping  angle,  y , 
satisfies  the  following  relationship: 


G<*m>  = 

(e) 


' 7m  = 6Po 


(5. 1.5-7) 
(5. 1.5-8) 


where 


G(7ta)  = Receiver  gain  at  the  angle  of  ym 


G(o)  - Receiver  on -axis  power  gain  (peak  power  gain) 

5 ~ Overlapping  angle 

5 = Overlap 

= Angle  defines  the  receiver  bearawidth 
Equation  (5. 1*5 ”7)  shows  at  the  point  of  optimum  overlapping  that 

-0. 25 

the  receiver  gain  is  down  (e)  * or  1.0  db  from  the  peak.  Equations  (3*l*5-5) 

or  -3*3 6 db  down 


and  (5.1. 5“7)  show  that  the  maximum  received  energy  is 


e.e 


0.25 


from  the  on -axis  power  density  of  the  expanded  transmitter  peak.  If  P^  is  the 
carrier  power  on  the  peak  of  the  narrow  transmitter  beam  which  has  a beamwidth 


of  ©£,  the  carrier  power  B for  the  expanded  transmitter  beam  9 is 


P =: 


“t  (V 

0.25 
e.e  ' 


w 


(5. 1.3-9) 


p 


0.285  KPt  (et)‘ 


K as  a constant  accounts  for  difference  in  transmission  efficiency 

C 

of  the  narrow  and  expanded  beam  optical  paths . Since  P is  related  to  — by 
the  relationship: 


P =(|)(KEP)  (Bj) 


P « 


c 

N 
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Equation  (5.I.5-9)  "becomes 

c °-285KCI)t  (et)2 

N ~3  (5-1*3-10) 

9 

5-1*5*5  Further  Considerations  of  Expanded  Transmitter  Beamwidth,  Search 
Angle  and  Target  Uncertainty  Angle 

Results  of  the  analysis  in  section  5. 1.5. k indicated  that  the  rec 

eived  carrier  energy , ~ , and  the  signal-to-noise  of  the  acquisition  signal, 

S , are  optimized  when  the  target  uncertainty  angle,  © , is  made  equal  to 
N m 

the  search  scanning  angle,  ©^ . The  transmitter  beam  is  expanded  to  an 

amount  equal  to  search  angle. 

During  acquisition,  transmitter  beams  of  both  stations  are 

expanded  and  receiver  beams  of  both  stations  scan»  Since  acquisition 

depends  on  having  both  receivers  cover  the  transmitter  of  other  stations, 

advantage  is  achieved  by  making  the  transmitter  beam  smaller  than  the 

scan  angle.  let  the  transmitter  beam,  © , decrease  by  a factor  a . ' 

o s 

9 ' 91  °s  (3.1.3-11) 

© = Target  uncertainty  angle  (3  o~)  associated  with  a 
standard  deviation  of  © 

P 

To-  obtain  an  optimum  value  for  a s,  analysis  has  been  made  in  Appendix  B 
in  determing  the  effects  of  on  the  acquisition  probability  under  the 
three  following  mutually  exclusive  conditions  for  acquisition: 

B.oth  transmitters  are  pointing  within  9 

o 

Transmitter  1 is  pointed  with  © and  Transmitter  2 is  poin- 
ted between  © and  © 0 

0 7 

Transmitter  2 is  pointed  within  © and  Transmitter  1 

0 

is  pointed  between  © and  © 

o 7 
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The  acquisition  probability,  P^,  was  determined  to  be: 


P 

A 


1-exp  1 - 


P p> 
26" 


1 + exp  - 


Q2  2 
9,  a 
1 s 

2 

29 


- 2 exp  1 - 


29  a 
P s 


(5.1.5-12) 


Th£  value  of  P.  in  Equation  (5. 1.5-12)  is  maximized  if  a = 0.8,  as  shown 

A S 

in  Appendix  B.  Equation  (5*1*5"H)  becomes: 


© = ce  0-.  = 0.8  S. 

0 s 1 1 


(5.1.5-15) 


The  optimum  value  of  the  search  angle,  0 , for  optimizing  P.  was  found  to  be: 

y a 


a 

= — - ^ ei 
a 


(5-1-5-14) 


Acquisition  probability  is  optimized  when  the  expanded  transmitter  beam  is 
0.8  times  the  target  uncertainty  angle,  and  the  search  angle  is  I.56  times 
the  target  uncertainty  angle. 

5. 1*5*6  Background  Noise 

Erom  Equation  (5*l*5-4),  the  signal-to -noise  ratio  of  the  acquisi- 
tion  signal  is  optimized  when  the  background  noise  =-  is  made  as  small  as 
possible.  Major  factors  in  determining  the  value  of  are: 

5-1. 5*6.1  Self -emitted  Energy  Fluctuation  From  Earth 

Earth  background  energy  is  received  by  the  detector  as  the  receiver 
beam  is  scanned  across  the  earth.  The  amount  of  energy  received, according  to 
analysis  made  in  Appendix  B,  is : 


Oj,  EC2  d dT 


M 2X  c(lffiP)  T2 


(5.1.5-15) 
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where 


_b = Background  energy  from  Earth 


N 


NEP 

X 

T 

dT 


E - Radiant  emittance  of  Earth,  v vat t/m^ 
- l.l4  x 10k  micron  °K 
d = Radiation  wavelength,  meters 
c = Speed  of  light,  meters/sec 
= Receiver  NEP,  watt/Hz 
= Radiation  wavelength,  microns 


= Average  temperature  of  Earth, 

°K 


K 


= Variation  in  temperature, 

5* 1*5*6. 2 Direct  Solar  Energy 

Solar  energy  is  received  by  the  detector  when  the  sun 
is  in  the  scan  angle.  The  received  energy  fluctuates  from  zero  to  E 
as  the  receiver  beam  scans  from  the  dark  "background  to  the  bright  solar  disk, 
The  received  energy  fluctuation,  according  to  the  analysis  in  Appendix 


B,  ij 


N 


E d^ 
2c (HEP) 


(5.1.5-16) 


c r ■ 
b 

N 

E 

d 

c 

NEP 


- Background  energy  from  the  sun 

= Radiant  emittance  of  the  sun,  watts /m" 

= Radiation  wavelength,  meters 
= Speed  of  light,  meters /sec 

- Receiver  NEP,  watt/Hz 


• CT-u 

Numerical  evaluation  of  Equation  (5*1 .5“l6)  indicated  that  ~ - 0.218. 

Acquisition  in  the  presence  of  such  high  background  energy  reduces  the 
acquisition  probability  to  a low  value.  Therefore,  it  is  not  considered 
to  be  practical  to  acquire  a target  in  presence  of  direct  sunlight. 

Once  the  target  is  acquired  elsewhere,  the  tracking  subsystem  is  capable 
of  tracking  the  target  in  presence  of  the  sun. 


5. 1.5*7  Acquisition  Probability,  False  Alarm  Probability  and 
Threshold  level 

Acquisition  is  based  on  establishing  a threshold  level  at 
the  output  of  the  subsystem.  If  either  the  noise  alone  or  the  acquisition 
signal  plus  noise  exceeds  the  threshold  level,  the  transmitter  beam  is 
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said  to  have  acquired.  Therefore,  the  threshold -to -noise  ratio  determines 
the  false -alarm  probability  and  the  required  signal -to -noise  ratio  on  the 
acquisition  signal  determines  the  acquisition  probability  at  a given  false 
alarm  probability.  The  following  relationships  were  established,  based  on  an 
analysis  which  is  presented  in  Appendix  B: 


l = (2ta  5TA)1/2 


(5.1.5-17) 


where 

= threshold  level 

W ss  RMS  noise 

= Acquisition  time 

B - Acquisition  signal  bandwidth 
a 


(5.1.3-18) 

where 

S = Acquisition  signal  amplitude 

q 

~ = Required  signal-to-noise  ratio  of  the  acquisition  signal 
^ to  produce  an  acquisition  probability  P,  with  the  threshold 
set  at  volts 

P = P.  • P , (5.1.5-19) 

s A d 

where 

P - Acquisition  probability  of  the  subsystem 
s 

= Acquisition  probability  given  by  Equation  (5.1. 5 -12) 

- Acquisition  probability  given  by  Equation  (5.I.5-I8) 


5.I.5-II 
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5*1. 5*8  Acquisition  Subsystem  Design 

The  results  of  the  design  analysis  are  used  to  design  the 
subsystem.  The  following  represents  a summary  of  the  detailed  design 
described  in  Appendix  B. 


5.1. 5-8.1 


Expanded  Transmitter  Beamwidth 


For  a target  uncertainty  angle  of  +0.2  degree  (3  cr  number), 

0.2  - ^ *" 

the  standard  deviation  9p  is  = O.O667  degree  (l  - cr  ni^pber) . 

Equation  (3 . I.5-I2 ) indicated  that  for  F = 0.91,  a ratio  of  ~ = 2 is 


@ 


required 


Therefore : 

e1  = 29  = 2(0.0667) 

0^  = 0.133  degree 

From  Equation  5*1*5(13) 

6 — ol  — 0.8© 

o s 1 1 

= 0.8(0.133) 

- 0.106  degree 


The  half -power  beamwidth  of  the  expanded  transmitter  beam, 

.+  9,  is  related  to  © by: 

- 0 * 

© = O.833  © 

o 

= 0.833  cxq91 

= 0.833(0.8)  (0.133) 

• = .0885  degree 

The  half-power  beamwidth  of  the  expanded  transmitter  beam 
is  2©  = 0.177  degree. 
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5. 1.5. 8. 2 Search  Angle 

Prom  Equation  (5.1. 5-14) 


s 


= (1*58) (0.133) 

= 0.208  degree 

Total  search  angle  is  20^  = 0.4l6  degree 

5- 1.5*8. 3 Signal^ to-noise  Ratio  of  Acquisition  Signal 

From  Equations  (5.1. 5-2), (4),  (l0)  and  (15) 


t 

P 


/\>2ix  p Tp 


2©  (2©  +0T.) 

7 7 f 


fb 

N 


EC9  d^dT 
2 \ ctNE)  T2 


(5*1.5-20) 


(5*1*5-21) 


(5.1.5-22) 


(5*1.5-23) 


(5.1.5-24) 


i 


5.1*5-13 


Report  No.  4033 ^ Vol.  I,  Part  1 


The  proper  numerical  values  for  various  parameters  are  estab- 
lished in  Appendix  B.  With  these  values  substituted.  Equations  (5.1*4-20) 
(21),  (22),  (23),  and  (24)  become: 


i= 

§ = 2.87  x 10~2 

t = 3.29  x 10“2 

P 

B - 15*2  Hz 

a -4 

□~b  = 2.7  x 10 

N 


second 


(5-1-5-25) 

(5-1-5-26) 

(5.1.5-2T) 

(5.1.5-28) 

(5.1.5-29) 


5. 1.5. 8. 4 Acquisition  Probability,  Threshold  Level  and  Design  ^ 

Margin 

From  Equation  (5.1.5-^T) 

Vm  T /o 

T " (2  ln  5 Va> 


let 

T = 220  sec,  acquisition  time 
B =15.2  Hz,  equivalent  acquisition  bandwidth 

cl 


H 


becomes 

v; 


T 


N 


.=  4.4 


To  produce  an  average  time  between  false  alarms  of  one  per. 
five  scan  frames,  or  1100  seconds,  the  threshold  required  is  4.4  times  the 
rms  noise  voltage  of  the  subsystem. 


5.1.5-14 
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For 

Pd  = 0.99 


5 Va 


=s  6 x 10 


-5 


99°/o  probability  of 

acquiring  the  signal 

False- alarm  probability  for 

5 T . = 1100  sec  and  B = 15*2  Hz 
f a 


The  signal- to-noise  ratio  required  to  satisfy  the  established 
values  of  p^  and  P according  to  Equation  5 .1-5(18)  is 

| = 6.9  (5.1.5.30) 

Comparing  Equation  (5.1. 5-23  ) and  (3.I.5-30),  the  acquisition 
subsystem  has  a design  margin  of  3.6"  db.  With  the  acquisition  signal  filter 
attenuation  taken  into  consideration,  the  design  margin  reduced  to  4.9  db. 

From  Equation  (5.I.3-I9), 

P = P.  . P, 
s A d 

= (.91M.99) 

■ = 0.9 

The  subsystem  has  an  overall  acquisition  probability  of  0.9» 
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5-1.6  Tracking  Analysis 

To  compensate  for  spacecraft  motion  and  to  maintain  the  proper 
optical  alignment  between  the  transmitter  of  one  station  and  the  receiver  of 
another,  target  tracking  is  to  be  performed  by  both  stations.  A functional 
block  diagram  of  the  tracking  subsystem  is  shown  in  Figure  5. 1.6-1.  The  sub- 
system performs  a position  sampling  by  rotating  the  received  beam  over  the  de- 
tector. When  the  received  beam  is  not  centered  on  the  detector,  the  IF  car- 

rier signal  is  amplitude -modulated,  and  the  phase  and  depth  of  the  modulation 
indicate  the  direction  and  magnitude  of  misalignment.  North-south  and  east- 
west  axis  error  signals  are  generated  by  detecting  the  AM  signal  from  the  IF 
carrier,  and  by  phase-detecting  the  AM  signal  using  the  two  nut at ion -drive 
signals  as  reference.  The  two  error  signals  are  then  utilized  to  actuate  and 
control  the  servo  system  to  center  the  received  beam  on  the  detector. 

The  tracking  subsystem  has  two  modes  of  operation: 

• Acquisition  tracking 

o Operational  tracking 

To  maintain  pointing  during  acquisition  after  only  one  station  has 
acquired  the  other  station/acquisition  tracking  is  performed.  Since  the  trans 
mitter  beam  is  expanded,  the  beam's  power  density  is  low.  The  radius  of  nuta- 
tion for  acquisition  tracking  must  be  large  enough  to  produce  a tracking  error 
signal  of  sufficiently  high  signal-to-noise  ratio  to  control  the  servo  system. 
An  acquisition-confirm  signal  is  produced  during  acquisition  tracking;  this 
signal  is  used  to  verify  that  the  transmitter  beam  has  been  acquired  and  that 
the  subsystem  is  tracking  the  beam.  In  the  absence  of  the  acquisition-confirm 
signal,  the  subsystem  reverts  to  the  search  mode  of  operation.  The  acquisition 
confirm  signal  is  generated  by  driving  the  nutator  with  an  additional  signal 
which  has  a frequency  approximately  twice  the  tracking  nutating  frequency. 

This  driving  signal  will  apply  to  one  axis  of  nutation.  : The  acquisition-con- 
firm signal  is  synchronously  detected  from  the  IF  carrier,  using  the  new  nuta- 
tor drive  signal  as  reference. 


5. 1.6-1 


Report  No.  4033 , Vol.  I,  Part  1 


Electronics  employed  in  the  acquisition  tracking  is  also  utilized 
for  operational  tracking.  'To  compensate  for  the  difference  in  the  received 
power  density  during  acquisition  and  normal  operation;  both  the  radius  nuta- 
tion and  the  amplification  of  the  error  signal  are  decreased  for  normal  opera- 
tion. 

System  design  analyses  have  been  made  to -establish  the  various  sys 
tem  design  parameters.  With  the  design  parameters  established,  system  perform 
ances  were  analyzed  with  the  following  major  parameters  taken  into  considera- 
tion: 

© Spacecraft  roll  rate  1 

• Radius  of  nutation 

• Nutating  frequency 

9 Carrier-to-noise  patio 

• Tracking-error  signal- to -noise  ratio 

• Tracking  subsystem  bandwidth. 

® Tracking  error 

® Carrier  attenuation  at  maximum  tracking  error 

9 Acquisition  tracking  confirm  capability 

« Acquisition-confirm  signal-to -noise  ratio 

5. 1.6.1  System  Performance  Summary 

The  values  of  the  various  system  parameters  were  selected  to 
achieve  good  tracking  accuracy,  and  to  minimize  tne  amount  of  hardware  re- 
quired to  implement  the  system.  The  methods  used  in  the  evaluation  of  system 
performance  and  in  selecting  the  values  of  the  various  system  parameters  are 
summarized  in  the  subsequent  sections.  Further  details  of  the  methods  and 
analyses  are-  in  Appendix  B.  The  system  performance  is  summarized  as  follows: 


Tracking 

Carrier  attenuation  at  maximum 
tracking  error 

Tracking  range 

Acquisition-confirm  signal 
S /N  margin 


+ 3*0  arc-sec 

- 0.9  db  ■ 

+ 0.208  degree 

6.1  db 
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To  accomplish  the  performance  objectives,  the  following  operating 
conditions  and  system  design  parameters  are  specified: 

i' 

Maximum  spacecraft  drift  rate  * 0.001  deg/sec 

Acquisition  tracking  nutating 

radius  8 are-sec 

Normal  tracking  nutating  radius  1.5.arc-sec 

Acquisition  confirm  signal  nu- 
tating radius  8 arc -sec 

Tracking  subsystem  bandwidth  5.12  Hz 

Tracking  subsystem  response  time  0.112  sec 

Acquisition  confirm  signal  band- 
width 1.0  Hz 

5.1.6. 2 Tracking  Signal-to-Noise  Ratio 

The  signal-to-noise  ratio  of  the  tracking  error  signal,  as  derived 
in  Appendix  B,  is: 


1) 


where 

C 

= carrier-to-noise  ratio  at  the  IF  output 

E(9)  = carrier  attenuation  as  a function  of  target  .off -axis 
angle,  9 

M(9)  = percent,  of  error  signal  modulation  as  a function  of 
target  off-axis  angle,  9 

K(/)  = on-axis  carrier  attenuation  as  a function  of  radius 
of  nutation 

Pj  = equivalent  noise  bandwidth  of  IF  filter 

6a  = tracking  subsystem  bandwidth 

aD  ~ local  oscillator  output  power  fluctuations  in  band- 
widths  of  Af 

°b2 

— r-  = rms  fluctuation  of  background  noise  from  earth 

N . ' 


(I)  [s(e  j [m(9)J  [k(7)J 


%fa\2  (°b\2  ' 

Af  J + \ N j 
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The  relative  signal  amplitude  from  the  detector  as  a function  of  target  off- 

axis  angle  9 is  shown  in  Figure  5 *1*6-2.  The  curve  is  obtained  by  numerical 

integration  of  the  Gaussian  receiver  beam  on  a 32-arc-sec  round  detector  with 

a uniform  local  oscillator  energy  across  the  detector  surface.  For  a given 

radius  of  nutation , y , the  error  signal  modulation  M(©)  at  various  off-axis 

angles^  9;  can  be  determined  from  Figure  5. 1.6-2.  This  is  done  by  finding 

the  maximum  signal  amplitude;  E , the  minimum  signal  amplitude,  E . , and 

max  3 mm 

the  carrier  level,  E(©),  at  each  of  the  various  angles,  9.  Then  M(©)  can  be 
calculated  by  the  following  equation: 


M(Q)  « 


E - E . 
max  mm 

2 


1 

Efey 


(5. 1.6-2) 


During  acquisition;  the. transmitter  beam  is  expanded  from  12  arc- 
sec,  or  .00333  degree,  to  0.177  degree.  If  the  on-axis  power  density  of  the 
narrow  transmitter  beam  is  assumed  to  be  23. 7 db  and  if  acquisition  occurs  at 
5.36  db  below  the  on-axis  power  density  of  the  expanded  transmitter  beam  (as 
shown  in  Figure  5 *1*6-3).?  the  carrier -to-noise  ratio  is: 


I = 25.7  - 10  log  - 5.36 

= -16.21  db  or  2.39  X 10“2  (5. 1.6-3)  - 

A beam  expander  is  used  to  form  the  expanded  beam,,  thus  bypassing  the  primary 
mirror  and  eliminating  beam  blockage  by  the  secondary  mirror.  To  account  for 
the  difference  in  transmission  efficiency  of  the  two  optical  paths,  a constant, 
K = 1.2,  is  introduced  into  Equation  (5 .1.6-3): 


| = (2.39  x Kf2)(l.2) 

= 2.87  x 10'2  '(5.1.6-10 

The  proper  numerical  values  of  the  various  design  parameters  indi- 
cated in  Equation  (5.I.6-I)  are  established  in  Appendix  B.  YJith  these  values 
substituted,  Equation  (5.I.6-I)  becomes: 

! = 2h. k [e(0)]  [m(s)]  QcfrD  (5. 1.6-5) 
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S 

Equation  (5*l^o~5)  is  used  to  calculate  the  — of  the  error  signal  as  a func- 
tion of  the  target  off-axis  angle  9 at  various  values  of  nutation  radius. 

Figure  5. 1.6-4  shows  curve.s  of  — as  a function  of  9 for  nutational  radii  of  6 
and  8 arc-sec.  Acquisition  tracking  with  a nutation  radius  of  8 arc-sec  pro- 
vides a maximum  signal-to-noise  ratio  of  6.8  when  the  target  is  displaced 
14  arc-sec- from  the  center  of  the  detector.  At  the  displacement  of  1.5  arc- 
sec  , the  signal-to-noise  ratio  is  1.0.  This  indicates  the  servo  system  in- 
active zone  of  + 1.5  arc-sec,  within  which  no  correction  is  provided. 

For  operational  tracking,  the  radius  of  nutation  is  reduced  to 

1.5  arc-sec.  The  signal-to-noise  ratio  as  a function  of  the  target  off-axis 

c 

angle  9 can  be  calculated  by  Equation  (5.I.6-I),  with  — representing  the  nar- 
row transmitter  beam  carrier-to-noise  ratio  at  the  IF  output.  Figure  5*l*6-5 

g ■ 

shows  curve  of  the  normalized  | as  a function  of  9 for  7 = 1.5  arc-sec. 

5'.  1.6. 3 Acquis  it  ion -Confirm  Signal 

During  acquisition,  the  acquis it ion -confirm  signal  is  used  to 
verify  that  the  transmitter  beam  is  acquired  and  the  subsystem  is  tracking  the 
beam.  The  signal  is  generated  by  driving  the  nutator  with  a signal  which  has 
a frequency  which  is  twice  the.  tracking -nutating  frequency.  This  signal  will 
apply  to  one  axis  of -nutator.  The  signal-to-noise  ratio  of  the  acquisition- 
confirm  signal  can  be  calculated,  using  Equation  (5.I.6-I),  For  a radius  of 
nutation  of  8 arc-sec,  the  various  design  parameters  (as  calculated  in  Appen- 
dix B)  have  the  following  numerical  values: 

K(7)  = 0.8  (5. 1.6-6) 

E(Q)  - 0.8  (5. 1.6-7) 

M(0)  = O.362  (5. 1.6-8) 

\ 

With  the  proper  values  substituted  into  Equation  (5.I.6-I),  the  signal-to-noise 
ratio  of  the  acquisition-confirm  signal  was  found  to  be: 

I = 11.8  (5. 1.6-9.) 
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The  signal -to -noise  ratio  required  to  achieve  a detection  probabil- 
ity of  = O.98,  and  a false-alarm  time  of  one  per  five  search  frames,  or  1100 
seconds,  was  calculated  using  Equation  (5.I.5-I8)  and  was  found  to  have  a value 
of: 

| = 5.9  (5.1.6-10) 

Comparing  Equations  (5. 1.6-9)  and  (5.I.6-IO),  the  acquisition-con- 
S I 

firm  signal  has  an  ^ margin  of  6.1  db. 

5* 1.6. 4 Tracking  Servo  System 

The  north-south  and  east-west  axis  error  signals  are  used  to  acti- 
vate and  control  the  servo  system  to  center  the  receiver  beam  on  the  detector. 
The  servo  system  is  shown  in  Figure  5. 1.6-6.  Detailed  analysis  of  the  servo 
system  is  presented  in  Appendix  B.  To  provide  the  servo  system  with  a suit- 
able damping  factor  for  stable  operation,  an  inner-loop  feedback  assembly  is 
incorporated.  This  feedback  assembly  is  used  tp  compensate  for  the  relatively 
low  damping  provided  by  the  bimorph  driving  assembly.  In  the  inner  loop, 

G^(S)  represents  the  bimorph  driver  and  G^(S)  is  the  transfer  characteristic 
of  the  bimorph  assembly.  A feedback  bimorph  acting  as  a transducer  is  repre- 
sented as  H-^(S);  this  bimorph  is  attached  to  the  driving ‘bimorph.  The  trans- 
fer characteristics  of  a feedback  amplifier  with  frequency  compensation  filter 
are  represented  by  H (S).  The  design  parameters  were  selected  to  provide  the 
inner  loop  with  a 5-Hz  filter  breakpoint. 

In  the  outer  loop,  G..(S)  represents  the  transfer  functions  of  the 
AM  detector  and  error  signal  phase  detector;  G (S)  represents  the  compensation 
amplifier  at  the  output  of  the  phase  detector.  The  design  parameters  were  se- 
lected to  provide  the  servo  system  with  system  bandwidth  of  5.12  Hz  and  a sys- 
tem damping  factor  of  0.5* 

The  performance  of  the  tracking  subsystem  is  summarized  as  follows. 
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5. 1.6. 4.1  Tracking  Error,  9e  / 

9e  = 9 + 91  + 92 

\ 

9 - Tracking  error  resulting  from  target  motion 

9 - 0.5  arc-sec  , 

9^  - Tracking  error  due  to  noise , offset  and  drift 
of  the  subsystem’s  electronics 

9^  = 1.5  arc-sec 

9Q  = Optical  and  mechanical  misalignment 

9 =1.0  arc-sec 

2 

9e  = 0.5-+  1.5  + l.o 

- 3 arc -sec 

5. 1.6. 4. 2 Carrier  Signal,  E(0)  at  Maximum  Tracking  Error 

Figure  5*l*6-2  indicates  that,  with  a radius  of  nutation,  7,  of 
1.5  arc-sec  and  target  displacement  of  3 arc-sec  from  the  center  of  the  detec 
tor,  the  carrier  signal  is  E(q)  - 0.95,  or -0.2  db.  The  attenuation  due  to  3- 
arc-sec  misalignment  of  the  receiver  and  transmitter  beams  is  0.7  db,  accord- 
ing to  the  optical-link  analysis  in  section  5*1*3  of  Vol.  I,  Part  1.  There- 
fore, the  carrier -signal  attenuation  at  maximum  tracking  error  is  0.9  db. 

5. 1*6. 4. 3 Subsystem  Tracking  Bandwidth 

k f-  _ jw,  _ 39* 2 

2n  2n 

= 5*12  Hz 


5- 1-6-7 

t= 
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5. 1.6. 4. 4 Response  Time 

Rise  time,  t^,  in  response  to  a unit -step  input  is 

eQ  = jl  + (l  - <?2)  exp(-5cut)  sin  (3tJ 
0Q  = (l  + 1.16  e sin  28t) 

0o  = |l  + 1.16  e 1 ^ sin  2n  ( k.b 5)  tj 
t = l/2  cycle  of  b.  b^>  Hz 


t = 0.112  sec 


5. 1.6-8 


Figure  5 *1-6-1 
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Relative  Position  of  Transmitter  and  Receiver  Beam  at  Time  of  Acquisition 


Figure  5. 1.6-5 
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5*2.2  Laser  Subsystem 

5. 2. 2.1  General  Discussion 

This  section  describes  in  detail  the  functional  characteristics, 
requirements,  design  trades,  and  analyses  of  the  laser  subsystem.  The  present 
design  was  formulated  from  analyses  generated  early  in  the  program  and  was 
modified  by  results  recently  obtained  from  the  testing  of  the  breadboard  laser 
subsystem.  Although  the  design  concepts  have  now  been  finalized,  and  the  bacic 
approach  toward  achieving  the  laser -subsystem  requirements  has  been  fixed, 
some  design  details  have  not  been  frozen.  These  areas  are  discussed  exten- 
sively. 

The  design  of  laser  subsystem  components  is  discussed  in  detail 
following  several  subsections  that  briefly  describe  the  functional  character- 
istics of,  and  requirements  placed  upon,  the  laser  subsystem.  Several  of  the 
more  critical  technical  areas  of  concern  - e.g.,  laser  life,  line -signature 
repeatability,  laser  frequency  stabilization,  and  modulation  techniques,  which 
have  required  early  evaluation  in  order  to  demonstrate  system  feasibility  - 
are  discussed  briefly  in  Section  5. 2. 2. -4. 

In  the  ensuing  discussions  an  attempt  has  been  made  to  condense 
the  subject  matter  as  much  as  possible  by  summarizing  analytical  results 
rather  than  giving  detailed  calculations.  The  more  extensive  formulations 
and  details  of  the  experimental  results  are  appended. 

5. 2. 2. 2 Functional  Characteristics 

Succeeding  paragraphs  describe  in  general  terms  the  design  philoso- 
phy and  general  tradeoff  considerations  and  present  the  functional  character- 
istics of  the  laser  portion  of  the  optical  communication  system.  They  develop, 
without  going  into  specific  detail,  the  approach  required  for  the  LCE  and  the 
techniques  to  be  used  for  the  laser  subsystem. 

The  function  of  the  laser  subsystem  is  to  generate  the  required 
optical  beams  for  the  communication  system.  The  transmitter  laser  beam  can  be 
modulated  by  one  of  several  techniques  and  can  then  be  passed  through  appro- 
priate optics  for  transmission.  In  many  types  of  systems,  as  in  the  LCE, 
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heterodyne  techniques  are  used  in  the  receiver,  requiring  that  a local  oscilla- 
tor (L0)  laser  he  used  that  can  operate  at  the  appropriate  optical  frequency. 

By  heterodyne  techniques,  the  signal -to -noise  ratio  of  the  communication  hand 
can  he  enhanced  with  increasing  LO  power  to  the  point  where  the  dominant  noise 
in  the  receiver  system  is  generated  from  the  LO  beam  (see  Section 
Further  increase  in  LO  power  beyond  this  point  will  no  longer  he  beneficial. 

To  achieve  good  heterodyne  efficiencies,  the  LO  beam  must  he 
matched  in  its  spatial  distribution  and  in  its  frequency,  with  the  incoming 
laser  beam  at  the  mixer,  which  is  located  in  the  receiver  subsystem.  The  LO 
frequency  is  adjusted  relative  to  the  incoming  transmitter  frequency  (which 
contains  information  sidebands)  so  that  the  heterodyne  beat  frequency  generated 
at  the  square -law  mixer  falls  into  a convenient  region  for  amplification  by 
conventional  electronic  techniques.  The  heterodyne  beat  frequency  [intermediate 
frequency  (IF)]  must  be  chosen  high  enough  to  permit  the  informat ion -sideband 
content  of  the  transmitted  beam  to  be  amplified  without  distortion  but  must  be 
low  enough  so  that  available  mixers  can  respond.  In  addition,  as  will  be  seen 
later,  the  LO  laser  may  limit  the  upper  end  of  intermediate  frequency,  due  to 
its  finite  frequency -tuning  capability.  Early  laser  designs  demonstrated  that 
the  local  oscillator  would  not  allow  an  IF  greater  than  about  20  MHz,  thus 
creating  major  difficulties  in  receiver -electronics  design.  A new  approach  to 
the  LO  laser  design  has  shown  that  an  IF  of  more  than  5 0 MHa  can  be  easily 
obtained  allowing  bandwidths  of  10  MHz  or  greater,  depending  on  the  capabilities 
of  existing  mixers..  For  the  LCE,  an  IF  of  30  MHz  has  been  chosen  that  appears 
to  be  near  optimum  for  the  required  bandwidths  (12  MHz)  and  the  presently 
available  components. 

To  achieve  the  30“MHz  IF,  the  local  oscillator  must  be  operated  at 
a frequency  that  is  30  MHz  above  or  below  the  incoming  transmitter -carrier 
frequency  (near  3 x ±0  MHz).  Fortunately,  this  small  relative  difference  can 
be  obtained  accurately  by  a simple  adjustment  of  the  laser. 

The  laser  frequency  of  a longitudinal  mode  is  determined  by 
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■where  q is  the  number  of  half -'wavelengths  of  light  between  the  laser  mirrors, 

C is  the  velocity  of  light,  and  L is  the  distance  between  mirrors.  By  adjust- 
ing L by  a small  amount  (usually  by  an  electromechanical  transducer),  the  laser 
frequency  can  be  controlled.  For  lasers  of  the  size  needed  on  the  LCE,  the 
tuning  sensitivity  is  about  120  MHz/micron.  A mirror  adjustment  of  about  2500 
Angstroms  is  therefore  required  to  obtain  the  desired  L0  offset  frequency. 

Several  modulation  techniques  are  available  for  use  with  heterodyne 
types  of  communication  systems;  for  propagation  through  the  atmosphere,  however, 
a definite  advantage  exists  for  a frequency -modulation  (FM)  scheme.  The  atmos- 
phere can  cause  large  power  fades  and  a low  frequency  modulation  (£lkHz)  in  the 
received  beam,  due  to  scintilation  effects.  By  using  an  FM  format,  the  power 
fluctuations  at  the  IF  can  be  removed  by  conventional  limiting  circuits  so  that 
the  detected  signal  remains  at  a constant  amplitude. 

To  achieve  a frequency -modulated  beam  from  a laser,  a technique 
must  be  used  that  effectively  causes  a change  in  laser-cavity  length  (see  above 
formula).  The  movement  of  a laser  cavity  end  mirror  can  achieve  frequency 
modulation  but  is  limited  in  available  bandwidth  to  less  than  1 MHz,  due  to 
mechanical  resonances.  By  introducing  in  the  laser  an  electro -optic  modulator 
whose  optical  length  can  be  varied  with  the  application  of  an  external  voltage, 
the  effective  length  of  the  laser  cavity  can  be  varied  at  high  rates.  With  the 
modulator  placed  inside  the  laser  cavity,  the  laser  light  passes  through  the 
modulator  material  and  experiences  a very  large  change  in  effective  optical 
length,  thus  allowing  large  modulation  depths  to  be  obtained  at  relatively 
low  modulator  power  (for  detailed  analysis,  see  Section  5. 2 .2.4.4). 

This  technique  of  in-cavity  modulation  is  the  most  efficient  one 
now  known  that  is  capable  of  meeting  ICE  requirements.  Unfortunately,  the 
introduction  of  a material  with  finite  optical  absorption  into  the  laser  cavity 
can  cause  a substantial  drop  in  laser  efficiency.  The  best  material  now  avail- 
able for  this  purpose  (single -crystal  gallium  arsenide)  exhibits  a loss  of  about 
0.7  to  1.2 io  per  centimeter.  Even  though  this  loss  is  small  compared  with  most 
optical  materials,  it  can  still  have  a major  effect  on  the  power  of  a very  short 
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laser.  For  the  crystal  lengths  required  to  achieve  the  modulation  depths  for 
the  LCE  laser,  power -output  reductions  of  up  to  a factor  of  2 are  typical. 
Detailed  tradeoff  analyses  (not  done  prior  to  the  LCE  program)  have  been  con- 
ducted with  regard  to  the  required  prime  power  for  both  the  laser  tube  and 
modulator  as  a function  of  tube  dimensions  and  modulator  dimensions.  The 
results  are  covered  in  later  sections.  > 

A Laser -frequency -stability  degradation  is  always  observed  when 
more  optical  materials  are  introduced  into  the  laser  cavity.  In  this  case 
gallium  arsenide  exhibits  a rather  large  change  of  index  of  refraction  with 
temperature  that  directly  relates  to  a change  in  laser  frequency  with  tempera- 
ture. In  addition,  the  structure  on  which  the  laser  mirrors  are  mounted  can 
expand  or  contract  with  temperature,  creating  slow  frequency  changes  with 
temperature.  By  differentiating  the  above  expression  it  becomes  clear  that 

Af  AL 
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where  L is  the  optical  distance  between  laser  mirrors. 

To  determine  the  temperature  stability  of  the  laser,  all  the 
materials  used  in  the  laser  must  be  analyzed  as  to  their  thermal  characteristics. 
By  far  the  major  contributor  to  long-term  drift  (see  Section  5. 2. 2. 4. 3)  is  the 
gallium  arsenide  crystal.  Over  the  expected  operating-temperature  range,  the 
change  in  laser  optical  length  due  to  the  modulator  will  be  too  large  to  allow 
continuous  laser  operation  within  the  required  frequency  range  for  a heterodyne 
system.  Frequency  control  of  the  laser  is  therefore  required;  analysis  indicates 
that  it  cannot  be  obtained  by  thermal -compensation  techniques  alone  and  some 
sort  of  automatic  electronic • frequency  control  is  required.  Using  an  established 
technique  called  "dither"  stabilization  (described  in  Section  5. 2. 2. 4. 3),  the 
desired  degree  of  laser  stability  can  be  obtained.  More  detailed  analysis 
(see  Section  5*2.204.3)  shows,  however,  that  the  range  of  control  required  by 
the  electromechanical  transducer  used  in  the  laser  is  too  large  to  be  practical 
if  the  drift  due  to  the  modulator  is  to  be  compensated  over  the  full  temperature 
range  that  is  expected.  The  modulator  will  therefore  be  enclosed  in  an  oven  that 
will  be  temperature-controlled  to  an  accuracy  of  +1°C,  which  is  adequate  to  keep 
the  transducer  within  its  operating  range. 
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The  backup  laser  assembly  is  available  in  case  of  failure  of  the 
LO  tube.  Although  it  does  not  contain  a modulator,  it  can  provide  limited 
transmitter  functions  (if  required)  by  operating  on  either  the  outgoing  trans- 
mitter -wavelength  or  the  incoming  transmitter  wavelength.  Because  of  its 
dual  capacity,  the  backup  laser  will  have  capabilities  for  assisting  in  the 
important  experiment  of  determining  the  short-term  stability  of  lasers  in 
space  by  heterodyning  with  the  LO  laser.  It  can  also  be  heterodyned  with  the 
transmitter  laser  to  test  the  modulator  and  receiver  prior  to  acquisition. 

To  achieve  the  30-MHz  offset  in  either  the  LO  laser  or  the  backup 
laser,  the  piezoelectric  tuner  can  be  moved  a predetermined  distance  by  the 
addition  of  a fixed,  calibrated  voltage.  Because  the  acquisition  scheme  re- 
quires the  detection  of  a heterodyne  signal,  the  LO -laser  frequency  stability 
after  offset  must  be  very  good  during  the  acquisition  period  or  the  beat 
signal  will  not  tail  into  the  IF  of  the  receiver.  It  has  been  determined 
that  the  frequency  drift  of  the  LO  laser  will  be  too  large  (due  to  thermal 
effects)  to  ensure  that  the  LO  frequency  will  remain  close  enough  to  the 
30-MHz  offset  until  acquisition  is  achieved  if  the  laser  is  allowed  to  run 
open  loop.  A simple  frequency  control  scheme  has  therefore  been  designed  and 
tested  (see  Section  5.2 .2.6)  to  stabilize  the  laser  power  at  the  30-MHz  offset 
frequency.  The  scheme  will  allow  adequate  frequency  control  of  the  laser  for 
at  least  5 minutes  with  the  present  circuitry.  Longer  periods  can  also  be 
easily  achieved. 

After  acquisition,  the  LO  frequency  wilL  be  locked  to  the  incoming 
frequency  at  the  30-MHz  IF  by  means  of  an  AFC  loop  that  uses  receiver-subsystem 
electronics.  The  LO -laser  subsystem  electronics  will  then  be  disabled. 

5. 2. 2. 3 Laser  Subsystem  Requirements 

Table  5.2,2 -1  gives  the  major  laser  subsystem  specifications  re- 
quired to  meet  ,the  overall  LCE  requirements.  They  summarize  the  results  of 
analyses  applied  to  the  LCE  in  various  sections  of  this  report,  and  are  to  be 
met  during  the  required  life  of  the  experiment  (2000  operating  hours).  Although 
none  of  these  specifications  is  individually  difficult  to  meet,  the  major  pro- 
blem in  laser  subsystem  design  is  to  meet  than  all  simultaneously  in  the  operating 
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environment  with  a minimum  of  weight  and  prime  power.  To  ensure  that  the 
specifications  can  be  met,  several  important  areas  related  to  the  final  design 
had  to  be  investigated  in  order  to  ensure  compatibility  and  feasibility  within 
the  LCE  requirements.  These  areas  are  as  follows: 

Laser  tube  life 
Laser  efficiency 

Modulator  losses  and  birefringence 

Modulator -driver  design  and  power  required 

Frequency  stability  during  L0  acquisition 

L0  efficiency  with  internal  grating 

30-MHz  offset  in  both  lines  from  backup  laser 

Optimum  subsystem  design  compromises  because  of 
'unavailability  of  qualified  parts 

Transmitter -frequency  stability  during  normal  operation 
Mechanical  stability  of  cavity 
Line -center  shift  with  tube  life 
Modulator  operation-  inside  laser  cavity 
Reproducibility  of  line  signatures. 

All  of  these  investigations  involving  demonstration  of  subsystem 
and  LCE  feasibility  have  been  completed  with  positive  results.  They  are  dis- 
cussed in  Section  5 *2. 2. 4.  Some  of  the  remaining  areas  (involving  detailed 
tradeoff  studies  to  arrive  at  an  optimum  design  in  terms  of  minimum  weight, 
power,  and  availability  of  high -reliability  components  and  described  subse- 
quently) are  nearing  completion. 

5. 2. 2. 4 Feasibility  Studies 

Several  basic  considerations  - tube  life,  laser  signature,  laser 
frequency  stabilization,  and  laser  modulation  techniques  - are  of  significant 
importance  and  to  a large  extent  determine  the  success  of  the  Laser  Communi- 
cation Experiment.  Consequently,  they  have  been  treated  theoretically  and/or 
experimentally.  Pertinent  information  on  these  topics  is  introduced  first, 
to  serve  as  a guideline  to  the  design  of  the  laser  subsystem. 
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5.2.2.1+.1  Laser  Tube  Life 

Before  the  LCE  program  was  initiated,  and. even  in  the  early  months 
of  the  program,  long  tube  life  was  considered  to  be  one  of  the  most  critical 
problems.  The  combined  effects  of  the  development  efforts  in  the  LCE  program 
and  a separate  MSA  program  (MS  12-2021)  conducted  in  parallel  by  Sylvania 
have  relieved  the  criticality  of  this  area  and  have  substantiated  the  early 
confidence  that  this  problem  would  be  solved.  Sylvania  has  demonstrated  a 
ceramic  laser  tube  with  an  operating  life  in  excess  of  1000  hours.  Techniques 
involving  ceramic -to-ceramic,  ceramic -to -metal,  and  ceramic -to -GaAs  seals  have 
been  well  established.  In  addition,  mechanisms  responsible  for  the  reduction 
of  laser  tube  life  have  already  been  extensively  investigated.  Assuming  good 
tube -fabrication  and  processing  techniques,  the  life -limiting  factors  for  the 
C02  laser  are  (a)  gas  removal  by  pumping  effects,  and  (b)  chemical  changes  in 
gas  constituents.  These  two  basic  factors  are  intimately  related  to  the  cathode 
design.  Briefly,  the  C02  molecule  in  the  plasma  tube  discharge  dissociates 
into  carbon  monoxide  and  osygen,  reaching  an  equilibrium  concentration  suit- 
able for  laser  operation.  If  the  oxygen  is  slowly  removed  by  chemical  re- 
actions with  the  laser  tube  materials  (such  as  the  cathode),  or  the  C0o  and 
other  gases  are  slowly  pumped  from  the  system  by  sputtering  from  the  cathode, 
laser  power  will  slowly  drop  because  of  a loss  of  CO^  gas. 

The  three  most  important  techniques  that  have  permitted  long  life 
in  the  C0o  laser  were  first  developed  by  Witteman,*  who  proposed  the  use  of 
nonreactive  platinum  cathodes  and  of  water  vapor  in  the  gas  mixture,  and 
Carbone,'  who  proposed  the  use  of  heated  nickel  cathodes.  Although  the  platinum 
cathode  has  a high  sputtering  rate,  it  is  chemically  inert  and  does  not  chemically 
remove  oxygen  from  the  discharge.  The  addition  of  water  vapor  to  the  gas  mixture 


W.  J.  Witteman,  ,rHigh  Power  Outputs  and  Long  Lifetimes  of  Sealed -Off  CO 
Lasers,”  Appl.  Phys.  Letters,  11,  337  (1967).  ^ 

R.  J*  Carbone,  ’'Continuous  Operation  of  a Long-Lived  C0p  Laser  Tube,” 
IEEE  J.  Quantum  Electronics.  Vol,  QE-4,  No.  102  (1968). 
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reduced  the  CO^  dissociation  rate,  thus  providing  less  free  oxygen  to  the 
system.  The  nickel  cathode  has  a comparatively  low  sputtering  rate  and  has 
low  chemical  activity  in  the  CO^  discharge  when  heated  to  between  250  and  300°C. 

Experiments  with  small  platinum -electrode  laser  tubes  fabricated 
at  Sylvania  indicated  that  their  life  is  limited  to  only  about  500  hours,  be- 
cause of  the  high  sputtering  rate  of  platinum,  which  migrates  onto  the  Brewster 
window  even  at  a 15-cm  distance  from  the  cathode.  Sputtering  also  occurs  with 
the  nickel  cathode,  but  at  a much  slower  rate.  For  this  reason,  the  LCE  laser 
tubes  are  designed  with  the  cathode  located  at  tube  center  (three -electrode 
configuration). 

To  reduce  the  sputtering  rate,  it  was  experimentally  found  in  the 
LCE  cathode  study  program  (see  Section  5*3*1)  that  (a)  the  cathode  must  be 
operated  at  an  elevated  temperature  (e.g.,  T />  2 50°C),  and  (b)  the  cathode 
surface  must  be  made  large  enough  to  avoid  over-filling  (i.e.,  the  available 
cathode  area  must  be  as  large  as,  or  larger  than,  the  natural  emission  area). 

• The  current  density  for  a normal  glow  gas  discharge  is  given  by* 

1.84  B5  K'  P5 


where  B is  the  ratio  of  the  electric  field,  E,  to  the  gas  pressure,  P (e/p  — 

2 

254  volts/ cm-torr ),  K = 20  cm~/v-sec,  P = 30  torr,  and  V^T  = 365  volts.  This 
equation  gives  a current -density  value  of  4 ma/ctn2,  consistent  with  the 
experimental  measurements  (see  Section  5.3.I). 

For  an  operating  current  of  10  ma,  the  surface  area  must  be  so 

p 

chosen  that  the  emission  corresponds  to  a current  density  of  4 ma/cm  for  the 
tube  pressure  that  yields  maximum  tube  efficiency.  It  was  also  found,  however, 
that  the  cathode  area  covered  by  a normal  glow  discharge  increases  with  decreasing 
gas  pressure.  This  implies  that  a slightly  larger  cathode  with  a surface  greater 

* J.  D.  Cobine,  Gaseous  Conductors , Dover  Publishing  Company,  1941,  pa  225. 


5. 2. 2-9 


Report  No.  b033>  Vol.  I,  Part  1 

2 

than  2.5  cm  must  he  used  to  avoid  a higher  sputtering  rate  near  the  end  of 
tube  life,  when  the  gas  pressure  will  he  somewhat  lower.  These  results  con- 
. tribute  significant  insight  for  the  design  of  a long-life  C02  laser  tube. 

All  the  design  principles  developed  in  the  earlier  tubes  are 
directly  applicable  to  the  metal -ceramic  space -qualified  tube  now  being  developed. 
For  example,  an  early  prototype  tube  (which  was  sealed  off  over  3 years  ago  but 
was  not  often  operated)  has  shown  no  deterioration  in  its  output -power  capability. 
The  tube  uses  Kovar,  stainless  steel,  Pyrex,  epoxy,  copper,  and  various  other 
materials  of  construction.  Except  for  BeO,  all  the  fabrication  materials  to 
be  used  in  the  space -qualified  laser  have  been  proven  with  regard  to  shelf  life. 

In  another  experiment,  a C 0^  laser  tube  (constructed  with  water- 
cooled  quartz  tubing  and  an  externally  heated  nickel  cathode)  has  recently 
passes  the  10,000-hour  mark.  Information  particularly  useful  to  the  LCE  pro- 
gram is  the  design  of  the  cathode.  The  outer  surface  of  the  hollow  nickel 
cathode  was  not  exposed  to  the  laser  mixture  and  is  not  in  contact  with  the 
COg  gas.  This  has  led  to  a conclusion  that  the  outer  cathode  surface  must  be 
of  inert  material,  such  as  platinum,  whereas  the  inner  emission  surface  should 
still  be  nickel. 

Sylvania  has  had  considerable  experience  in  the  fabrication  of 
ceramic  CO^  laser  tubes.  In  addition  to  the  two  metal-ceramic  tubes  used  in 
the  breadboard,  Sylvania  has  built  two  metal -ceramic  CO^  tubes  (similar  to 
the  flight  configuration)  under  Contract  MS  12-2021  for  MSA-ERC.  They  use 
self -heated  nickel  cathodes  and  the  life  of  each  tube  has  exceeded  1000  hours. 

A tube  such  as  that  shown  in  Figure  5. 2. 2-2  also  passed  a laboratory  vibrational 
test  in  April  1970  at  the  qualification  test  level  for  the  LCE  program. 

Major  significance  must  be  attributed  to  that  successful  test. 

It  demonstrates  that  the  fundamental  design  will  be  adequate  for  the  LCE  and 
that  the  fabrication  techniques  (involving  brazing  of  the  ceramic,  soldering 
of  the  Brewster  windows,  and  welding  of  the  metal  parts)  are  satisfactory. 

With  this  successful  environmental  test,  greater  confidence  can  be  placed  in 
the  final  tube  design  form,  allowing  more  rapid  design  finalization  for  related 
components  and  interfaces. 
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Although  the  LCE -laser -tube  lifetime  requirement  has  not  yet  been 
demonstrated  (this  is  the  purpose  of  the  expanded  life  test  program  now  waiting  for 
NASA  approval)  considerations  such  as  those  described  above  indicate  that  the 
basic  design  is  sound  and  will  provide  lifetime  exceeding  2000  hours.  In  addi- 
tion, the  mecnani cal  design  and  fabrication  approaches  appear  to  be  sat is factory, 
to  ensure  operation  at  the  specified  level  after  the  launch. 

5*2.2. 7.2  Laser  Line  Shape  and  Signature 

In  the  design  of  the  local  oscillator  and  backup  lasers,  it  is 
important  to  know  the  effects  of  various  operating  parameters  (such  as  gas 
pies sure,  discharge  current,  and  gas  temperature)  on  laser  line  shape  and  laser 
signature.  To  obtain  this  information,  Aerojet  established  a task  force  team 
in  February  197CL  consisting  of  technical  personnel  from  NASA,  Case -Western 
Reserve  University,  RCA  Canada,  and  Aerojet.  This  effort  has  generated  con- 
siderable theoretical  and  experimental  data  (see  Appendix  E)«  The  apparatus 
required  for  these  experiments  typically  consists  of  a stable  and  tunable  CO^ 
la^er,  whose  operating  parameters  (such  as  gas  pressure,  discharge  current, 
and  cavity  length)  can  be  varied  over  a wide  range.  A spectrometer  is  also 
needed  to  identify  laser  transitions. 

Results  compiled  by  the  task  force  indicated  that  the  CO laser 
lines  P(l6)  and  P(20)of  the  10.6-micron  transition  compete  so  effectively, 
relative  to  all  other  transitions  in  the  same  band,  that  these  two  lines  can 
be  relied  on  to  oscillate  over  a very  wide  gain  curve  and  ’under  a wide  range 
of  operating  conditions.  As  an  example,  an  identical  laser  signature  has  been 
obtained  by  Claspy  and  Pao  at  Case-Western  Reserve  over  a pressure/current 
range  varied  from  10  to  26  torr  and  5 to  11  ma  (see  Appendix  E).  Another 
interesting  observation  is  that  the  laser  signature  changes  drastically,  both 
in  line  shape  and  identification  of  transitions,  as  the  laser  cavity  length 


Laser  signature  is  defined  as  the  sequence  of  CO2  laser  lines  as  the  cavity 
length  of  a laser  is  varied  over  distance  of  A/2,  where  A is  the  laser  wave- 
length . 
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is  varied  over  a wide  range  (Lq  + 200  microns).  However,  P(l6)  and  P(20)  lines 
o urvi\ e reasonably  well  under  tnese  conditions.  On  the  "basis  of  these  results 
it  was  ie commended  that  P(l6)  and  P(20)  lines  of  the  10.6-micron  "band  be  used 
in  the  LCE  laser  subsystem. 

The  effects  of  partial  gas  pressure,  particularly  of  CO^  and  He, 
on  laser  signature,  were  also  brought  into  question.  An  investigation  was 
conducted  by  McElroy  and  Walker  at  NASA  (see  Appendix  E).  Their  results  indi- 
cated that  the  laser  signature  remained  the  same  as  the  partial  gas  pressures 
for  C02  varied  from  3 to  16.7$  and  for  He  varied  from  66.6  to  80$.  A similar 
conclusion  was  reached  on  the  effects  of  discharge  current,  consistent  with 
results  mentioned  previously . A change  of  cooling -water  temperature  from  5^0 
to  20  C produces  only  a shift  of  the  signature  but  no  significant  change  in 
shape  (see  Appendix  E ).  It  was  observed  that  higher  transverse  modes  and  in- 
stabilities in  the  laser  exert  more  influence  on  laser  signature  than  do  the 
operating  parameters  of  the  laser.  Similar  measurements  were  made  at  RCA 
Canada  (see  Appendix  E)  with  a C0?  laser  consisting  of  one  spherical  (R  - 42  cm) 
and  one  flat  mirror,  separated  at  a distance  of  4l  cm,  and  a water-cooled 
quartz  tube  (8 -mm  ID),  The  gases  used  were  C0p  (13.7$),  Np  (21.9$),  and  He 
(64.4$)  at  a total  pressure  of  28  torr.  The  tube  was  operated  at  a discharge 
current  of  6 ma.  The  results  show  that  the  P(l8)  line  is  the  broadest,  and 
its  shape  remains  the  same  as  the  cavity  length  is  varied  over  3A/2,  which 
appears  to  be  in  contradiction  with  the  results  of  other  experimenters. 

Work  on  computer  calculation  of  the  C0Q  laser  signature  was  con- 
ducted by  Schiffner  (see  Appendix ’e).  Its  purpose  was  (a)  to  find  cavity  spacings 
for  which  a certain  transition  is  clearly  separated  from  adjacent  ones,  and 
(b)  to  determine  the  total  length  of  travel  required  in  order  to  go  from  one 
well  defined  transition  to  another  - e.g.  p(20)  — — P(l6).  His  results  indi- 
cate that  the  signature  repeats  itself  with  minor  changes  over  many  half- 
wavelength  internals,  conforming  reasonably  well  with  the-,  observations*  For 
a cavity  length  near  50  cm,  there  exist  several  good  cavity  spacings  for  which 
linewidths  greater  than  60  MHz  can  be  obtained.  The  total  length  of  travel 
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from  the  P(20)  transition  to  P(l6)  is  approximately  1 micron,  which  is  within 
the  capability  of  the  piezoelectric  transducer. 

These  data  are  extremely  useful  for  backup-laser  design,  because 
this  laser  will  be  required  to  operate  on  both  P(l6)  and  P(20).  The  present 
design  calls  for  a cavity  length  of  approximately  25  cm,  which  is  a good  choice 
in  terms  of  being  able  to  obtain  both  lines  easily.  It  also  appears  that  a 
30 -MHz  offset  may  also  be  obtainable  for  both  wavelengths  without  the  use  of 
an  in-cavity  grating  at  this  spacing.  This  capability  is  presently  being  ex- 
plored experimentally. 

5.2.2. Laser  Frequency  Stabilization 

The  frequency  stability  of  the  transmitter  and  L0  lasers  will  be 
of  prime  importance  to  the  success  of  the  LCE.  Before  the  communication 
channel  is  acquired,  it  is  important  that  the  transmitter  and  L0  lasers  be 
capable  of  maintaining  a precisely  known  difference  frequency  so  that  search- 
ing operations  are  minimized.  This  requires  that  both  oscillators  be  indepen- 
dently stable  in  an  absolute  sense.  After  the  channel  has  been  acquired,  it 
is  necessary  to  actively  control  the  L0  laser  frequency  at  30  MHz  from  the 
transmitted  frequency  so  that  the  required  IF  remains  constant  during  any 
communication  period.  It  Is  also  necessary  during  this  period  to  actively 
control  the  transmitter  laser  frequency  to  prevent  it  from  drifting  off  its 
operating  line.  When  the  channel  is  open,  it  will  also  be  important  to  main- 
tain reasonably  good  short-term  frequency  stability  so  that  FM  noise  in  the 
channel  is  kept  to  a minimum.  As  has  been  shown  (see  Appendix  E),  the  use  of 
baseband  conversion  tremendously  reduces  the  problems  in  this  regard  and,  for 
example,  allows  continuous  use  of  FM  stabilization  on  the  transmitter  laser. 

Before  the  channel  is  acquired,  the  lasers  will  be  operating  in- 
dependently and  their  frequency  difference  will  not  be  measurable.  It  will 
therefore,  be  very  important  during  the  acquisition  period  to  maintain  the 
ground  transmitter  and  spacecraft  local  oscillator  at  precisely  separated 
frequencies  so  that  it  will  not  be  necessary  to  search  over  a large  frequency 
range  during  the  acquisition  phase. 
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To  achieve  a high  degree  of  frequcny  stability  during  acquisition, 
both  the  ground  transmitter  and  the  spacecraft  local  oscillator  will  be  elec- 
tronically calibrated  to  the  center  of  the  gain  line  on  -which  they  are  oscillat- 
ing. This  -will  be  done  by  means  of  a dither-stabilization  technique  developed 
specifically  for  application  to  the  C0Q  laser  (see  Appendix  F for  a detailed 
discussion).  The  technique  involves  sinusoidal  tuning  of  the  laser  cavity  at 
a low  audio  rate,  thus  producing  an  FM-to-AM  conversion  in  the  laser  output. 

The  error  signal  is  then  used  to  indicate  laser -frequency  offset  from  the  line 
center  to  a feedback  control  loop  for  frequency  stabilization.  Laser  frequency 
can  be  stabilized  by  this  technique  to  -within  +100  kHz  of  the  line  center  of 
molecular  resonance,  provided  that  the  center  frequency  of  the  line  does  not 
vary  in  time.  Early  analysis  indicates  that  a shift  in  center  frequency  will 
not  occur.  Measurements  have  been  made  by  Mocker,*  who  observed  no  change  in 
the  center  frequency  of  the  C02  laser  gain  curve  as  a function  of  pressure. 
However,  recent  measurements  by  Freed  and  Javan**  indicate  a possible  change, 
with  time,  in  the  center  frequency  of  the  resonance  line.  Preliminary  results 
indicate  that  the  change  is  not  very  large  (—0.1  MHz  torr).  More  accurate 
measurements  will  be  made  to  determine  the  magnitude  and  cause  of  this  effect. 
Eased  on  the  0.1  MHz  torr  value,  the  maximum  change  of  no  more  than  0.5  MHz 
is  expected  during  the  lifetime  of  the  laser.  This  amount  of  shift  will  not 
degrade  the  performance  of  the  acquisition  cycle.  . 

After  the  spacecraft  local  oscillator  and  ground  transmitter  have 
been  frequency-calibrated  to  line  center  by  the  FM  technique,  a command  is 
given  to  the  LO  laser  that  causes  an  offset  in  its  frequency  by  30  +1.1  MHz 
from  the  line  center.  This  is  accomplished  by  moving  the  piezoelectric  trans- 
ducer to  a new  position  that  corresponds  to  the  30-MHz  offset. 


* M.  W.  Mocker,  "Pressure  and  Current  Dependence  Shifts  in  Frequency  of  Oscil- 
lation of  the  C02  Laser,"  Appl.  Phys.  Letters,  12,  20  (1968). 

C.  Freed  and  A.  Javan,  "Standing  Wave  Saturation  Resonance  Stabilization  of 
C02  Lasers,"  paper  presented  at  1970  Device  Research  Conference,  29  June  - 
2 July  1970,  Seattle,  Washington. 
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Several  factors  can,  however,  affect  the  ability  of  the  local 
oscillator  to  remain  at  the  30-MHZ  offset  during  acquisition.  Changes  in  the 
oscillation  frequency  of  laser  sources  can  he  attributed  in  part  to  changes  in 
the  optical  length  of  the  oscillator  cavity  and  to  changes  in  refractive  index 
in  the  medium  as  given  by 

Av  An  AL 
v “ n + L 

In  addition,  as  pointed  out  by  Mocker,  a frequency  shift  (of  the 
order  of  0. 5 to  1 MHs/ma)  is  expected  as  a result  of  the  change  in  refractive 
index.  A well  regulated  power  supply  is  therefore  required  to  eliminate  this 
fluctuation.  On  the  other  hand,  by  using  materials  having  a very  low  thermal- 
expansion  coefficient  (such  as  Invar  or  Cervit),  long-term  stabilities  (of  the 
order  of  minutes)  of  10  kHz  have  been  demonstrated  at  a number  of  laboratories 
(Lincoln  Laboratory,  Honeywell,  Sylvania,  etc. ) Very  good  temperature  stability 
is  required  however,  to  achieve  these  stabilities.  Other  contributors  to  laser 
thermal  drifts  are  wind own,  mirrors,  PZT,  etc.  Calculations  (see  Appendix  F) 
show  that  laser -component  temperature  variations  must  be  kept  to  +1.4  x 10"3  oc/ 
minute  in  order  to  meet  LCE  stability  requirements.  This  value  is  so  low  that 
it  appears  impossible  for  the  local  oscillator  to  remain  within  the  1.1 -MHz 
band  around  30  MHz  during  acquisition  without  an  electronic  control  loop  assist. 
To  compensate  for  .this  small  temperature  variation,  an  active  electronic  con- 
trol is  provided  by  comparing  the  L0  power  at  the  30-MHz  offset  with  a reference 
voltage  (see  paragraph  5. 2. 2.6.1).  A piezoelectric  transducer  capable  of  one 
free  spectral -range  movement  is  adequate  for  this  purpose. 

As  soon  as  the  30-MHz  IF  signal  is  present  in  the  receiver,  the 
local  oscillator  will  be  automatically  switched  to  the  AFC  mode  to  maintain 
the  30-MHz  IF.  This  is  accomplished  by  producing  a d-c  signal  in  the  IF  band- 
width which  will  be  used  to  switch  the  local  oscillator  from  the  "offset"  mode 
into  the  AFC  mode  (see  discussion  of  receiver  subsystem) . 
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Local-oscillator  AFC  is  implemented  as  follows:  The  output  "beam 

from  the  LO  laser  is  combined  with  the  incoming  signal  at  a beam  splitter.  The 
beam  is  then  directed  to  a high-speed  photodetector  to  produce  a heterodyne 
beat  signal;  this  signal,  in  turn,  is  fed  to  the  frequency  discriminator  with 
its  center  frequency  at  30  MHz.  The  output  of  the  discriminator  is  a d-c 
signal  proportional  to  the  dilference  between  the  beat -signal  frequency  and 
3h  MHz.  If  this  d-c  output  is  suitably  amplified  and  fed  back  with  proper 
phase  to  the  cavity  tuner  of  the  LO  laser,  this  laser  may  then  be  frequency- 
locked  to  a constant  30 "MHz  offset  from  the  incoming  transmitter -laser  frequency. 
Figure  5-2. 2-3  illustrates  this  technique,  which  is  often  referred  to  as  the 
AFC  (automatic -frequency -control)  technique. 

. Sylvania  has  recently  used  the  AFC  technique  to  stabilize  the  out- 
put of  a 70-watt  C02  laser  by  AFC-locking  it  to  a small,  stable,  1-watt  oscil- 
lator. Results  from  this  experiment  show  that  this  is  indeed  a very  powerful 
technique.  Figure  5. 2. 2-4  plots  the  frequency  fluctuations  of  the  70-watt 
laser  before  AFC  stabilization,  and  Figure  5 *2. 2-5  shows  frequency  fluctuations 
with  respect  to  the  reference  laser  after  AFC  stabilization.  The  results 
indicate  that  long-term  stabilities  of  at  least  1 part  in  10^  (30  kHz)  with 
respect  to  the  reference  laser  are  highly  feasible. 

5. 2. 2. 4, 4 Modulator  Technique 

5 . 2 . 2 . 4 . 4 . 1 Power  Considerations 

Frequency  modulation  of  the  10.6-micron  transmitter,  using  an 
electro-optic  modulator,  has  been  chosen  for  the  LCE.  For  this  application, 

GaAs  is  considered  to  be  the  most  practical  material  in  terms  of  low  optical 
loss,  frequency  response,  and  availability  of  good  optical -quality  single 
crystals.  Other  infrared  electro-optical  materials  (e.g. , CdTe)  have  been 
demonstrated  to  yield  a factor— of —4  Improvement  in  performance  as  compared 
with  the  CiaAs  modulator,  but  techniques  of  producing  a good -optical -quality 
CdTe  single  crystal  in  a size  useful  for  this  experiment  remain  to  be  developed. 


* 

J.  E.  Kiefer  and  A.  Yariv,  Appl.  Phys.  Letters.  15  (1969). 
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GaAs  is  bard  and  nonhygroscopic  and  has  reasonable  thermal  conductivity.  It 
can  be  grown  into  a fairly  large  single -crystal  boule  size  (j  cm  in  length) 
with  little  or  no  strain.  The  boule  can  easily  be  cut  and  polished  flat  to 
l/lO  wave  of  visible  light,  for  good  performance  in  modulation  applications. 


The  power  P^  required  to  drive' a linear  E-0  modulator,  in  order 
to  produce  a change  of  phase  by  */2  for  a givhn  modulation  bandwidth  B,  is 
given  by 


f/2 


= e eB 
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where  f and  € are  respectively  free -space  permittivity  and  dielectric  constant, 
t and  t are  the  width  and  Length  of  a rectangular  rod,  X is  the  laser  wavelength, 
n is  the  refractive  index,  and  r is  the  electro -opt leal  coefficient.  For  a 
typical-crystal-size  (3  by  3 by  50“*nm)  GaAs  modulator,  the  foregoing  equation 
yields  a value  greater  than  100  watts /MHz  for  a change  of  phase  by  n/2.  External 
modulation  is  therefore  impractical  for  the  LC2. 

Intractivity  modulation  of  a COg  laser  using  a GaAs  crystal  can 
greatly  reduce  the  power  consumption  by  as  much  as  2 orders  of  magnitude. 

When  the  modulator  is  placed  inside  the  laser  cavity,  the  change  in  index  n 
of  the  GaAs  crystal,  upon  application  of  an  applied  voltage  V,  is  given  by 


where  t is  the  thickness  of  the  crystal  between  electrodes,  and  other  symbols 
have  their  usual  meaning.  When  la,ser  radiation  passes  through  this  crystal, 
the  change  of  index  corresponds  to  a change  in  optical  cavity  length,  AL,  as 
given  by 


AL  - An  L 

c 

where  Lc  is  the  length  of  the  crystal.  The  change  in  length  produces  a devia- 
tion in  the  laser  output  frequency,  f,  given  by 

* 

I.  P.  Kaminow  and  E.  H.  Turner,  Proc.  I.E.E.E.,  54,  1374  (19 66). 
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.where  f is  the  optical  frequency  of  the  laser  and  L is  the  cavity  length.  Upon 
combining  these  equations,  the  expression  for  the  frequency  deviation  as  a 
function  of  the  applied  voltage  and  geometric  dimensions  of  the  modulator  is 
given  by 

f r?  r V L 

Af  “ 2t'Jh T (n-l)  L ] 

For  a laser -cavity  length  of  30  cm,  a maximum  drive  voltage  of  210  volts, 
and  a modulator  thickness  of  3 mm,  this  equation  shows  that  a frequency  devia- 
tion of  Af  = +4.0  MHz  can  be  obtained  with  a modulator  length  slightly  in 
excess  of  2 cm. 

Laboratory  experience  at  Sylvania  with  a C02  communication  link 
using  an  internal  modulator  has  demonstrated  that  the  specified  frequency 
deviation  can  be  obtained  with  a modulator  3 cm  long  at  a drive  voltage  of 
approximately  +210  volts.  It  is  most  desirable  to  keep  the  modulator  below 
+200  volts  so  that  readily  available  high-frequency  transistors  can  be  used 
in  the  modulator  driver. 

5. 2 ; 2. 4. 4. 2 Optical  Losses 

Two  kinds  of  optical  losses  are  introduced  when  a GaAs  modulator 

is  placed  inside  the  modulator  laser  cavity:  Fresnel  reflections  at  the 

crystals  faces  and  absorption  losses  in  the  bulk  crystal.  The  high  index  of 

refraction  of  GaAs  will  cause  substantial  reflections  from  its  faces  unless 

corrective  measures  are  taken.  For  light  normally  incident  on  the  uncoated 

o 2 

crystal  face,  the  reflectivity  is  R = (n-1)  /'(n+l)  - 0.29.  Reduction  of 

this  reflectivity  requires  either  antireflection  coatings  or  faces  cut  at  the 
Brewster  angle.  Antireflection  coatings  have  recently  become  commercially 
available  for  GaAs  and  can  reduce  the  reflection  at  one  face  to  a level  of 
about  1 $>.  To  date,  however,  the  repeatability  from  coating  to  coating  has  not 
been  good  and  several  attempts  are  usually  required  to  obtain  the  Vjo  value.  A 
carefully  cut  Brewster  angle  will  reduce  the  reflection  loss  well  below  1$. 
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Optical  absorption  losses  in  the  crystal  are  also  important,  and 
should  be  minimal  in  order  to  maintain  the  maximum  laser  power  output.  Several 
measurements  of1  the  optical -absorption  coefficient  of  semi -insulating  GaAs  have 
been  reported..  Comly,  et  al . obtained  an  absorption  of  0.006  +0.002 /cm  using 
a calorimetric  measurement.  However,  most  other  published  results  indicate 
that  a more  usual  value  of  0.011  should  be  expected.  Efforts  must  be  made  to 
obtain  a crystal  with  the.  best  material  quality  for  the  transmitter  laser. 

5. 2. 2. 4. 4, 3 Brewster  Angle  Design 

Measures  must  be  taken  to  reduce  reflection  at  the  GaAs  surface 
when  the  modulator  crystal  is  inserted  in  the  cavity.  Antireflection  coatings 
are  available  for  use  with  the  linear  configuration  that  reduce  the  reflectivity 
per  surface  to  1$  or  less.  -While  losses  of  this  magnitude  can  be  tolerated, 
the  still  lower  reflectivities  obtainable  through  the  Brewster -angle  configura- 
tion are  highly  desirable  for  maximum  laser  efficiency.  In  addition,  Sylvania 
has  found  that  coating  manufacturers  often  must  try  several  times  before  ob- 
taining a coating  with  less  than  1 °jo'  reflectivity,  thus  sharply  increasing  the 
coating  cost. 

lor  these  reasons,  the  Brewster -angle  configuration  is  proposed 
here.  The  modulator  will  be  placed  inside  the  cavity  at  the  angle  shown  in 
Figure  5 *2. 2 -6.  When  the  modulator  is  placed  inside  the  cavity , the  beam 
becomes  enlarged  in  one  direction  inside  the  modulator  crystal  and  will  be 
elliptical,  with  one  major  axis  a factor  of  3.44  longer  than  the  other. 

Clearly,  the  modulator  crystal  must  also  be  larger  in  order  to  accommodate 
the  enlarged  beam,  and  will  now  be  3 mm  by  10. 5 mm  by  3 cm. 

The  electrical  properties  of  two 'possible  Brewster -angle  configura- 
tions are  compared  with  the  linear  configuration  in  Figure  5. 2. 2-7.  If  the 
electrodes  are  applied  to  the  narrow  sides  of  the  modulator,  the  capacitance 
is  decreased  by  a factor  of  3*44,  and  the  resistance,  drive  voltage,  and  drive 


J.  Comly,  E.  Garmire,  and  A.  Yariv,  "infrared  Absorption  at  10.6  Microns  in 
GaAs,"  J.  Applied  Phys. , Vol,  38,  pp.  4091  to  4092  (1967). 
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power  are  increased  by  a factor  of  3.44..  If  the  electrodes  are  applied  to 
the  broad  sides  of  the  modulator,  the  drive  voltage  remains  fixed,  the  re- 
sistance decreases  by  a factor  of  3.44,  and  the  capacitance  and  drive  power 
are  increased  by  a factor  of  3.44.  Because  the  critical  parameter  in  the 
modulator  drive  is  the  required  voltage,  application  of  the  electrodes  to 
the  broad  faces  of  the  modulator  is  clearly  the  most  desirable  approach  and 
is  being  used.  In  practice,  the  modulator -driver  power  will  not  have  to  be 
increased  by  the  full  factor  of  3.44,  because  half  of  the  capacitance  (3pf) 
associated  with  the  modulator  was  expected  to  be  stray  capacitance.  Although 
the  modulator  capacitance  increases  from  3 pf  to  10.5  pf,  the  total  capaci- 
tance is  thus  expected  to  increase  only  from  6 pf  to  13. 5 pf;  the  critical 
drive  voltage  therefore  remains  the  same. 

The  use  of  a Brewster -angle  modulator  also  requires  an  altered 
crystal  configuration.  The  light  incident  on  the  modulator  must  be  polarized 
along  one  of  the  induced  electro-optic  axes  to  obtain  the  desired  optical- 
path  -length  change,  and  it  must  be  polarized  in  the  plane  of  incidence  (the 
plane  of  the  paper  in  Figure  5. 2. 2-6)  in  order  that  there  he  no  reflection. 

To  accomplish  this  arrangement,  the  broad  faces  of  the  modulator  will  be 
(001)  planes.  Light  will  be  incident  on  a (110)  plane.  It  will  travel  in 
the  (110)  direction  and  will  be  polarized  in  the  (lio)  direction.  The  narrow 
faces  of  the  modulator  will  be  (001)  planes.  With  this  arrangement,  all 
conditions  are  satisfied,  and  the  induced  index  change  is  that  previously  used. 

5. 2. 2. 4. 5 Laser  Subsystem  Breadboard 

The  breadboard  model  of  the  laser  subsystem  was  recently  com- 
pleted and  delivered  to  Aerojet.  Figures  5. 2. 2 -8  through  5.2.2-13  provide 
views  of  the  transmitter  laser  assembly,  L0  laser  assembly,  and  electronics 
assembly.  No  backup  laser  assembly  was  required  for  the  breadboard  model. 

The  purpose  of  the  breadboard  model  is  to  demonstrate  the  functional  charac- 
teristics of  the  laser  subsystem  and  to  check  the  feasibility  of  the  various 
approaches  taken  in  the  design.  It  has  indeed  fulfilled  its  purpose.  Present 
efforts  on  this  model  involve  detailed  studies  of  operational  characteristics 
in  an  attempt  to  determine  where  improvements  could  be  made  for  the  next  unit. 
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In  particular,  the  breadboard  model  demonstrated  the  following: 

a.  In -cavity  modulation  using  a GaAs  modulator  is  possible. 
The  modulation  index  and  frequency  response  are  as  ex- 
pected from  theoretical  considerations. 

b.  Closed -loop  operation  of  the  lasers  (to  obtain  good 
frequency  stability)  is  indeed  possible  for  all  the 
lasers  during  any  operational  period  of  the  communi- 
cation link.  Line-center  dither  stabilization  and 
stabilization  at  the  JO-MHz  offset  in  the  local 
oscillator  were  demonstrated. 

c.  Operation  on  the  required  laser  wavelengths  was 
demonstrated . 

d.  Operation  of  the  local  oscillator  with  an  internal 
grating  was  demonstrated. 

e.  TEM^mode  operation  was  demonstrated  in  both  the 
LO  and  transmitter  lasers. 

f.  The  required  amplitude  stability  was  demonstrated  for 
the  local  oscillator  and  the  transmitter,  even  for 
the  case  when  the  former  is  operating  at  the  offset 
frequency  of  50  MHz. 

g.  The  Brewster -angle -modulator  configuration  removed’ 
problems  of  modulator  etalon  effect.  This  has  ■ 
now  eliminated  difficulties  of  wavelength  hopping 
in  the  transmitter. 

h.  . The  thermal  characteristics  of  the  modulator  and 

laser  tubes  were  as  expected  on  the  basis  of 
earlier  calculations. 

i.  Effects  of  modulator  losses  on  the  laser  output 
power  were  greater  than  originally  expected,  but 
appear  to  correspond  well  to  a new  model  of  the 
transmitter  laser  recently  developed  (see  Section 
5.2.2. 5).  Greater  power  input  to  the  transmitter 
laser  will  be  needed  in  order  to  meet  the  power - 
output  requirements  in  future  units.  This  same 
theoretical  model  now  predicts  that  an  increase  in 
LO  prime  power  will  also  be  required.  The  backup 
laser  will  not  need  an  increase  In  power,  because 
it  will  contain  no  loss  elements.  The  desirability 
of  lower-loss  modulator  crystals  is  apparent  from 
these  results. 
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j*  Actual  measurements  of  the  variations  in  laser- 
output  -power  to  cavity -component  misalignment 
are  close  to  the  amount  expected  from  theoretical 
considerations.  The  cavity  components  must  remain 
aligned  to  angular  tolerances  of  a fraction  of  a 
milliradian  (see  paragraph  5*2. 2. 5* 4)  in  order  to 
result  in  negligible  power  loss. 

k.  Thermal -leasing  effects  in  the  modulator  do  not 
appear  to  he  a problem  in  the  present  modulator 
design. 

, It  should  be  emphasized  that  no  major  attempt  was  made  to  develop 
an  optimum  system  for  the  breadboard.  Experimental  data  (variation  of  tube 
gain  and  saturation  parameter  as  a function  of  current,  bore  diameter,  pres- 
sure, tube  length,  etc. ) are  required  for  such  an  optimization.  Many  of  the 
measurements  have  now  been  made  although  a few  remain  incomplete.  Analytical 
formulations  are  nearing  completion  (see  Appendix  G)  that  will  allow  computer 
optimization  of  the  laser -modulator  dimensions  as  well  as  the  LO  and  backup 
laser  dimensions.  Unfortunately, , not  all  the  formulations  were  completed  in 
time  to  include  in  this  report. 

The  breadboard  system  is  now  serving  an  important  role  in  evaluat- 
ing the  design  parameters  to  be  implemented  in  future  models. 

5.2.2. 5 Transmi tt er  Las er 

The  transmitter  laser  assembly  consists  of  a metal -ceramic  laser 
tube,  a Brewster -angle  GaAs  modulator,  cavity  mirrors,  and  a piezoelectric 
transducer.  The  design  is  based  on  tradeoff 'studies  involving  laser  gain, 
beam  size  and  mode  volume,  and  diffraction  and  absorption  losses  in  various 
in -cavity  components,  and  has  been  modified  by  results  recently  obtained 
from  the  testing  of  the  breadboard  laser  subsystem.  Detailed  analyses  and 
descriptions  are  presented  below  for  each  component. 

5 , 2 . 2 . 5 * 1 Transmitter  Laser  Design  Analysis 

5. 2. 2.-5. 1.1  General  Considerations 

The  design  of'  an  optimized  transmitter  laser  involves  a number 
of  considerations  that  are  not  required  in  the  design  of  the  LO  and  backup 
lasers  used  in  the  LCE  system.  Specifically,  the  transmitter  laser  makes  use 
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of  two  active  components:  (a)  the  plasma  tube,  and  (t>)  an  intracavity  electro- 

optical  phase  modulator  that  produces  PM  on  the  transmitter  output.  The  trans- 
mitter laser  tube  and  the  amplifier  that  drives  the  modulator  crystal  will 
consume  more  prime  power  than  any  other  elements  in  the  LCE  system.  This, 

together  with  the  fact  that  the  power  requirements  for  the  tube  and  modulator 

\ 

are  strongly  interrelated,  makes  it  essential  that  the  transmitter  design  be 
optimized  on  the  basis  of*  the  minimum  prime  power  required  for  the  two  elements 
combined. 

The  relationship  between  tube  and  modulator  power  is  readily 
observed  by  noting  that  increased  modulator -crystal  length  reduces  the 
voltage  required  by  the  modulator  (for  a given  modulation  depth)  and  hence 
reduces  its  power  requirements.  However,  increased  optical  absorption  in 
the  cavity  dictates  that  the  laser  must  supply  higher  gain  and  will  therefore 
need  higher  excitation  power.  A best  configuration  that  minimizes  the  total 
power  required  by  the  transmitter -modulator  subsystem  is  the  subject  of  the 
ensuing  design  analysis. 

5.2.2. 3.1.2  Input -Power  Minimization 

The  basic  elements  of  the  transmitter-modulator  subsystem  that 
must  be  considered  in  minimizing  the  total  power  requirement  are  shown 
schematically  In  Figure  5*2.2-14.  The  total  power  input  required  is  the 
sum  of  the  tube  and  modulator  powers: 

p = pt  + pm  (5. 2. 2-1) 

This  quantity  must  be  minimized,  subject  to  the  constraint  that 
the  laser  power  output,  P , be  TOO  mw  (to  ensure  that  the  specified  650-mw 
output  will  be  met  over  the  tube  lifetime).  Design  parameters  and  variables 
used  In  this  section  are  summarized  for  convenience  in  Table  5 *2. 2 -2. 

5.2.2. 5.1.3  Laser  Tube  Power 

The  power  input  required  by  the  laser -tube  power  supply  is 

given  by 

PT  - Kx  VT  Ir  (5- 2-2-2) 
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■where  K is  the  efficiency  of  the  power  supply  that  provides  a tube  voltage 
of  VT  and  a current  !L,.  Empirical  data  obtained  for  a large  number  of  CO 
laser  tubes  indicates  the  following  relationships  to  be  valid  over  the  fairly 
small  range  of  bore  diameters  considered  here: 


106  L 

VT  = __  volts 


(5.'2.2-3a) 


- 31  x 10 D2  amp  (5.2.2~3b) 

where  D is  the  tube  diameter  measured  in  cm  and  1^  is  the  tube  length  in  cm. 
Thus , the  power  required  for  the  laser  plasma  tube  is 

PT  - 3-3  l»rp  D \ ^atts  (5-2. 2-4) 

5.2.2. 5.1.4  Modulator  Power 

Quasi -static  analysis  shows  that  the  peak  frequency  deviation 
when  the  optical  length,  , of  a laser  cavity  is  modulated  is  given  by 


f AT, 

Af  , - — susa* 

peak  L 


{5. 2. 2-5) 


where  f is  the  laser  oscillation  frequency.  For  the  present  case,  in  which 
this  length  modulation  is  produced  by  modulation  of  the  crystal  index  of 
refraction,  n, 


£Lc  = LMAn  (5.2.2  -6) 

where  is  the  crystal  length.  For  the  modulator  orientation  chosen,  An  is 
given  by* 

13 

An  = ~n  ai~  ' (5.2.2-?) 


where  the  electrical  field  is  expressed  as  the  modulator  voltage,  V^,  divided 
by  the  distance  between  electrodes.  In  this  particular  case,  the  distance  a 
also  corresponds  to  the  dimension,  a,  of  the  square  optical  aperature  formed 
by  the  modulator.  Combining  Equations  (5. 2. 2 -5),  (-6),  and  (-?)  and  solving 
for  the  peak  modulation  voltage  required, 

■X* 

S.  Ffamba,  "Electro-Optical  Effect  of  Zincblende,"  J.  Optical  Soc.  Am..  SI. 

p.  76  (1961).  ^ 
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V. 


M,  peak 


2aAf 


peak 


f r 


4l 


(5. 2. 2-8} 


The  power  required  for  the  modulator. 


will  he 


P •= 
M 


PQ  + 


K2  2 


ir  f 


m 


cv2 

M,  peak 


(5-2. 2-9) 


where  is  the  quiescent  power  required  by  the  modulator  and  is  the  slope 
efficiency  of  the  driver.  Both  these  factors  will  depend  greatly  on  the  type 
of  driver  used  (i.e.,  Class  A or  Class  B)  and  the  type  of  coupling  to  the 
load.  The  particular  value  of  f is  chosen  so  as  to  correspond  approximately 
to  a weighted  center  of  the  information -power-density  spectrum.  It  remains 
to  write  Equation  (5*2. 2-9)  in  geometric  terms  (i.e.,  modulator  length  and 
aperture)  wherever  possible.  The  modulator  capacitance  may  be  shown  to  be 


c = cs  + 


€ 

r M 


x 10 


-2 


tan  (90  - 0B) 


(5*2.2-10) 


where  is  the  permittivity  of  free  space,  € is  the  dielectric  constant  of 
GaAs  (=  11 ),  0 p is  Brewster’s  angle  in  GaAs,  and  C is  the  stray  capacitance. 

The  expression  for  the  total  power  input  to  the  transmitter  laser 

may  now  be  written  as  the  sum  of  Pm  and  F * 

T M 

P = 3-3  LT  D Kx  + PQ  + K2  2nfm  CV2  (5-2.2-11) 


with  C and  given  by  Equations  (5 *2 .2 -9)  and  (-10). 

5*2.2. 5*1* 5 Optical  Cavity 

In  order  to  determine  an  optimum  configuration,  values  for  the 
geometric  terms  L^,  L^,  and  D may  be  chosen  from  the  set  of  L^,  L^,  and  D 
that  yields  a laser  power  output  of  0.7  watt.  These  values  are  obtained  by 
an  analysis,  using  the  equation  for  laser  power  output  developed  in  Appendix 
G.  The  present  design  uses  a tube  bore  diameter  of  0.4  cm.  This  value  was 
chosen  because  the  optical  mode  diameter  must  be  kept  reasonably  constant 
along  the  length  of  the  laser  tube  in  order  to  make  efficient  use  of  the 
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discharge  volume.  This  dictates  that  the  radius  of  curvature  of  the  spherical 
output  mirror  must  he  significantly  larger  than  the  separation  between  mirrors, 
and  the  Diode  size  that  results  from  this  curvature  dictates  that  the  tore 

■X’ 

diameter  must  he  0.4  cm.  An  analysis  hy  Li  that  -was  used  in  computing  dif- 
fraction losses  for  the  LO  and  backup  lasers  cannot  he  used  directly  for  the 
transmitter  laser,  because  the  modulator  makes  the  limiting  aperture  different 
at  each  end  of  the  cavity.  The  radius  of  curvature  of  the  mirror  is  therefore 
chosen  so  that  a modulator  ol  J-iwn  cross  section  and  a tube  of  0.4-cm  diameter 
vill  intercept  the  mode  at  the  same  intensity  point  of  the  cavity  mode.  This 
will  be  true  if  the  radius  of  curvature  is  50  cm.  Estimating  the  diffraction 
loss  by  the  amount  of  energy  vignetted  by  the  tube  and  modulator,  a 1 to  2$ 
loss  is  calculated  for  the  TEM^  mode.  Work  is  currently  underway  to  accur- 
ately  determine  this  loss.  The  mirror  radius  used  in  the  breadboard  trans- 
mitter laser  is  50  cm,  giving  a beam  diameter  at  the  output  mirror  of  2.8  cm, 
l/e  power  points.  (Section  5.2.2. 6.2.4  gives  beam -diameter  equations.) 

Because  the  beam  inside  the  optical  cavity  enters  and  exits  from 
the  modulator  crystal  at  Brewster's  angle,  some  astigmatism  occurs  that  makes 

-X-X' 

the  mode  shape  slightly  elliptical.  ' ' The  ellipticity,  however,  is  very  small; 
the  difference  in  the  beam  diameters  in  the  sagittal  and  tangential  planes  at 
the  output  mirror  is  2%  of  the  diameter. 

Significant  departures  from  the  breadboard  cavity  and  tube  di- 
mensions are  not  expected  in  the  final  design,  except  for  tube  length.  Extra 
space  presently  in  the  cavity  will  allow  an  increase  in  tube  length  to  achieve 
full  rated  output  power  without  a significant  increase  in  cavity  length. 

Other  slight  changes  may  be  made  as  indicated  by  refinements  in  the  design 
analysis  (see  Appendix  G-)  indicating  that  the  laser  tube  length  must  increase 
with  increasing  modulator  length  as  shown  in  Figure  5-2.2 -15.  Using  Equation 
(5,2.2-11),  the  input  power,  P,  is  computed  and  plotted  in  Figure  5. 2.2-15 
as  a function  of  modulator  length  based  on  the  GaAs  material- on  hand  having  an 
absorption  loss  of  1.2/(>/etn.  Values  used  in  this  computation  are  given  in  Table 
5. 2^2-3. 

* T.  Li,  BSTJ , Vol.  45,  p.  917  (1965)- 

-X"X- 

G.  A.  Massey  and  A.  E.  Siegman,  Applied  Optics,  Vol.  I,  p.  975  (1969); 
and  D.  C.  Hanna,  1e.ee  J . Quantum  Electronics , Vol.  QE-5,  P*  483  (1969). 
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To  obtain  a 4.0-MHz  peak  frequency  deviation  requires  l8o  volts 
(peak)  across  the  3-cm-long  modulator  in  the  breadboard  transmitter  laser. 

The  data  in  Figure  5*2.2-15  indicate  that  the  modulator  length  should  be 
reduced  from  the  present  3 cm  to  1.4  cm,  to  minimize  the  total  transmitter- 
power  input.  However,  this  requires  an  increase  in  modulator -drive  voltage 
to  386  volts  peak.  Currently  available  space -qualified  transistors  do  not 
allow  the  design  of  a 1 to  6 -MHz,  low-distortion,  modulator  driver  capable 
of  supplying  this  voltage;  therefore,  the  use  of  such  a short  modulator 
crystal  cannot  be  considered. 

Fortunately,  total -power -input  dependence  on  modulator  length  in 
the  region  of  the  minimum  is  reasonably  flat  toward  the  longer  modulator 
lengths.  For  this  reason  a modulator  length  of  2.0  cm  and  a tube  length  of 
20  cm  have  been  chosen.  This  results  in  a 1-watt  power  penalty  above  the 
minimum  obtainable  but  allows  a conveniently  short  tube  (20  cm  between  anodes). 

The • modulator  voltage  is  now  reduced  to  270  volts  peak.  It  should  be  emphasized 
that  the  results  of  Figure  5*2.2-15  represent  the  worst  possible  case  as  far  as 
input  power  consumption  is  concerned.  Both  theoretical  and  experimental  investi- 
gations are  in  progress  to  minimize  the  power  requirement.  It  is  expected  that 
by  using  an  absorption- loss  value  of  0.007  cof\  the  transmitter  power,  requirement 
for  the  LCE  program  can  be  satisfied. 

The  capabilities  of  the  modulator  driver  have  a very  large  im- 
pact on  transmitter -laser -modulator  design.  Much  emphasis  is  being  placed 
on  development  of  the  modulator  driver,  and  significant  improvements  in  this 
area  in  subsequent  weeks  are  expected  to  allow  further  improvement  as  regards 
transmitter  power  requirements.  Some  small  variations  in  transmitter -modulator 
geometry  may  occur  as  a result,  but  Table  5*2. 2-4  summarizes  essentially  the 
final  design. 

In  summary,  It  is  imperative  that  modulator  material  with  an 
extremely  low  absorption  coefficient  be  used  in  order  to  reduce  transmitter 
power  to  a value  that  will  allow  the  overall  power  budget  to  be  met.  Cadmium 
telluride  or  low-loss  GaAs  are  the  two  candidates  that  appear  to  offer  a 
solution.  These  possibilities  are  being  investigated.  Optical  absorption  meas- 
urements are  being  made  on  both  CdTe  (supplied  by  NASA)  and  Fe -doped  GaAs  ma- 
terials (supplied  by  Mr.  D.  High,  Research  Department,  Monsanto  Company). 
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5.2.2. 5.2  Laser  Tube 

5-2.2. 5.2.1  Tate  Design  and  Process ing 

Although  a few  design  parameters  (e.g.,  cathode  surface  gas- 
reservoir  volume,  fractional  increase  in  COp  content  (see  Section  5.3. l)] 
are.  still  being  determined,  the  basic,  ceramic,  laser  tube  design  is  well 
defined.  The  design  is  based  on  the  following  set  of  major  parameters: 

a.  The  tube  must  be  sufficiently  long  to  provide  enough 
gain  for  625-mw  minimum  output  power  at  the  end  of 
2000  accumulated  hours  of  operation. 

b.  The  tube  must  operate  with  conduction  cooling. 

c.  It  must  operate  with  a heated  cathode. 

d.  It  must  provide  TEM^  power  only. 

e.  The  output  beam  must  be  polarized. 

f.  The  tube  must  have  a long  operating  life. 

g.  It  must  be  bakeable. 

h.  It  must  be  rugged  enough  to  withstand  liftoff 
conditions . 

i.  It  must  be  capable  of  operating  in  a vacuum 
environment . 

j.  It  should  have  as  high  an  operating  efficiency 
as  possible. 

Figure  5*2.2-16  presents  a detailed  assembly  drawing  for  the 
tube  configuration  that  appears  to  most  closely  satisfy  the  foregoing  re- 
quirements. The  tube  is  of  metal-ceramic  construction,  to  achieve  the 
desired  degree  of  ruggedness.  It  has  circular  geometry  with  a 4.0-mm 
diameter  bore  made  from  beryllium  oxide.  Four  l/4-in. -thick  BeO  fins  are 
located  along  the  tube  bore,  approximately  equally  spaced.  BeO  ceramic  was 
chosen  because  of  its  very  high  coefficient  of  thermal  conductivity  and  light 
weight.  The  outside  shell,  made  from  nickel-plated,  thin-walled  Kovar,  serves 
as  a rigidizing  structure  as  well  as  the  vacuum  envelope.  The  spaces  between 
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the  BeO  fins  are  used  as  gas  ballast.,  necessary  for  increased  life,,  and  have 
■3-  volume  of  about  1.50  cc,  which  is  approximately  80  tines  the  active  volume. 

The  heat -transfer  characteristics  of  this  design  are  highly 
satis lac  uory : Thermal  calculations  indicate  that  the  temperature  rise  from 

the  outside  surface  of  the  tube  to  the  hottest  spot  in  the  bore  (outside  the 
cathode  area)  would  be  less  than  4 C,  even  for  tube  dissipations  as  high  as 
15  watts.  Subsequent  tests  on  mockup  structures  have  verified  this  value. 

The  bore  temperature  will  therefore  never  exceed  about  44-  C during  operation 
when  the  baseplate  temperature  is  at  its  maximum  specified  value  of  40°C. 

For  maximum  tube  efficiency , the  laser  employs  a coaxial  electrode 
structure  rather  than  electrodes  in  side  arms.  The  Kovar  pieces  at  each  end 
of  the  laser  tube  will  serve  as  anodes/  while  the  cathode  will  be  the  platinum- 
clad  nickel  cylinder  in  the  center  of  the  tube.  For  long  life  the  cathode 
must  be  heated  to  at  least  250°C  during  operation  (see  Section  5.3.I  on  laser 
tube  life  tests).  To  achieve  this  without  requiring  additional  external 

1 

heat,  the  cathode  has  been  isolated  from  the  BeO  bore  by  insulating  sections 
of  alumina  ceramic. 

The  cathode  surface  area  is  also  an  important  tube -design  parameter. 
For  an  optimum  gas  mixture  in  the  tube  and  for  a given  cathode  material,  an 
optimum  cathode  surface  area  can  be  determined  (see  Section  5.3.1).  An  op- 
timum  current  density  of  about  4.0  ma/cm  has  been  experimentally  determined 

for  the  transmitter  laser.  This  corresponds  to  a cathode  surface  area  of 

2 

about  2,5  cm  if  a 10-ma  discharge  current  is  used.  To  provide  the  electrical 
connection  to  the  cathode,  as  well  as  additional  support,  four  thin  wires  of 
stainless  steel  run  between  the  cathode  and  the  outside  surface  of  the  tube. 

The  vires  are  terminated  on  insulating  ceramic  tubing  so  that  the  cathode 
may  be  operated  somewhat  avove  ground  potential  if  required.  Measurements 
show  that  this  structure  will  be  sufficiently  self -heating  to  allow  cathode 
temperatures  somewhat  higher  than  250°C. 

The  advantages  of  a two -anode,  single -cathode  approach  over  a 
single -cathode,  single-anode  approach  are  that  (a)  sputtered  material  from 
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the  cathode  is  kept  farther  from  the  laser  windows,  (h)  the  total  tube  voltage 
is  approximately  halved,  and  (c)  greater  power  is  dissipated  at  the  cathode, 
because  twice  the  current  is  being  drawn,  enabling  the  cathode  to  be  self- 
heated. 

The  CaAs  Brewster  windows  will  be  attached  to  the  end  Kovar 
assemblies  by  metal -soldering  techniques,  allowing  rugged  ultra -high -vacuum 
seals.  The  window  assemblies  (which  will  be  prepared  independent  of  the 
tube)  will  then  be  oriented 'and  he li arc -welded  to  the  tube  at  the  appropriate 
point  in  the  fabrication  cycle. 

The  total  length  of  the  tube  (II.3  in.  from  window  to  window) 
has  been  chosen  to  give  enough  gain  to  provide  725  milliwatts  of  initial 
output  power  (with  modulator)  at  the  high  heat -sink  temperature  of  kO°C. 

At  the  low  heat -sink  temperature  of  15°C,  the  power  output  will  be  approxi- 
mately 700  nrw.  The  input  power  vs  tube  length  calculations  are  made  in 
Section  3. 2, 2. 5.1,  in  conjunction  with  optical  design. 

The  tube  is  approximately  1-3 A in  diameter  and  will  weigh 
about  3 A lb. 

Based  on  life  test  data,  it  appears  that  the  tube  should  employ 
a gas  mixture  of  H0,  Xe,  KL , C0o,  and  He.  The  exact  partial  pressure  for 
each  gas  mixture  will  be  determined  at  the  end  of  the  life  test  program. 

The  Ng  and  He  are  used  with  COg  to  obtain  high  ga.in  and  power  output.  The 
Xe  is  added  to  reduce  the  starting  and  operating  voltage,  and  the  Hp  to 
increase  tube  life  by  reducing  the  COg  dissociation  rate.  No  automatic 
pumpout  and  refill  procedures  in  space  are  planned  for  this  laser.  The  tube 
will  be  permanently  sealed  during  the  processing  cycle  and  will  not  require 
further  attention. 

Tests  of  similar  small  lasers  have  shown  that  the  lifetime  goals 
will  be  met  with  this  approach.  Partial  pressures  of  7 torr  for  C0o,  7 torr 
for  Ng,  15  torr  for  He,  1 torr  for  Xe,  and  0.1  torr  for  H0  are  used  for  the 
1 -mm -diameter  ceramic  tube  in  the  breadboard  model.  In  addition  to  cathode 
material,  emissive  surface  area,  gas  mixtures,  and  gas -reservoir  volume, 
tube  processing  is  an  important  consideration  for  long  life.  Before  filling 
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■with  gas  mixtures , each  tube  assembly  is  pumped  down  to  a pressure  between 
1 x 10  ' and  1 x 10  ^ nun  Hg  and  a leakage  rate  not  greater  than  1 x 10  ^ 
atm-cc/sec. 

5-2. 2. 5*2. 2 Fabrication  Plan  for  LCE  Laser  Tubes 

A preliminary  but  detailed  fabrication  plan  has  been  completed 
for  the  laser  tubes  to  be  constructed  for  the  LCE  (see  Figures  3.2.2-17,  -l8, 
and  -19)*  After  receipt  and  inspection,  parts  for  the  laser  tubes  are  filed 
in  a high -relative '•humidity  storage  area.  The  parts  are  pulled  from  storage 
as  required  for  processing  and  fabrication  of  the  tube.  The  finished  assem- 
blies are  returned  to  storage  until  they  are  required  for  assembly  into  the 
laser  subsystem. 
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5.2.2. 5. 3 Modulator 

The  configuration  chosen  for  the  LCE  employs  a GaAs  electro- 
optical  phase  modulator  inside  the  transmitter  laser  cavity.  In  this  con- 
figuration, the  modulator  produces  changes  in  optical-cavity  phase  length 
in  proportion  to  some  applied  electrical  signal,  which  then  produces  cor- 
responding changes  in  the  oscillation  frequency  of  the  laser  (i.e„,  frequency- 
modulated  output).  This  format  provides  several  important  advantages  in  the 
present  application  as  compared  with  other  types  of  modulation.  Table  5. 2.2-5 
summarizes  the  relative  merits  of  several  of  the  other  possible  methods. 

A suitable  intracavity  modulator  should  be  designed  to  minimize 
the  losses  presented  to  the  transmitter  laser,  because  very  small  amounts  of 
loss  produce  large  changes  in  power  output.  In  addition,  the  modulator  must 
produce  minimum  perturbation  in  such  areas  as  transmitter-laser-cavity  align- 
ment and  cavity-length  stability  even  with  large  changes  in  ambient  tempera- 
ture. The  modulator- must  be  designed  to:  minimize  the  power  required  to  produce 
the  required  electro-optical  phase  modulation.  The  modulator  crystal  alone 
is  essentially  a passive  element,  and  the  choice  of  optimum  crystal  design 
depends  heavily  on  interactions  with  the  laser  and  the  modulator -driver 
electronics.  Section  5.2.2. 5. 3.1  presents  an  analysis  that  yields  a more 
or  less  optimum  crystal  geometry  based  on  the  properties  of  GaAs  material 
(see  Table  5« 2.2-6).  These  properties  are  discussed  in  greater  detail  in 
succeeding  paragraphs,  and  details  on  modulator  design,  construction,  and 
testing  are  presented. 

5,2.2.  5*5*3-  Modulator  Design  Considerations 

Most  publications  on  electro -optical  modulators  have  dealt  with 

x 

amplitude  modulation  outside  the  laser  cavity.  For  this  application,  the 
electro-optical  crystal  is  normally  placed  between  crossed  polarizers,  and 
for  optimum  performance  the  largest  possible  rotation  of  the  plane  of  polar- 
ization is  sought.  It  has  been  shown  that  the  maximum  amplitude  modulation 

* F.  Sterzer,  D.  Blattner,  and  S.  Miniter,  J.  Optical  Soc.  Am.,  54.  62. 

(1964);  and  S.  Namba,  J.  Optical  Soc.  Am.  ,~lil,  76  (1961).  3 
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is  obtained  iiom  a cubic  crystal  with  ^3bi  symmetry  when  the  crystal  is  cut  so 
that  l he  light  is  propogated  in  a (TlO)  direction  and  the  electric  field  is  ap- 
plied in  the  (llO)  direction.  In  this  case , the  direction  of  polarization  of 
the  incident  light  bisects  the  angle  between  two  induced  crystal  axes. 

This  design  is  well  known  as  is  the  proof  that  it  provides  optimum 
amplitude  modulation.  The  proof  is  not  directly  applicable  to  a modulator  that 
is  to  be  used  inside  the  laser  cavity.  In  this  case,  the  interest  is  not  in 
the  maximum  angular  rotation  of  the  plane  of  polarization  of  the  incident  light, 
but  in.  the  maximum  obtainable  change  in  the  optical  length  of  the  crystal.  In- 
deed, there  can  be  no  rotation  if  the  laser  is  to  operate  properly.  Hence, 
the  direction  of  polarization  inside  the  laser  cavity  must  be  parallel  to  the 
direction  of  one  of  the  induced  axes  in  the  crystal.  In  order  to  obtain 
optimum  performance  of  an  intracavity  modulator,  it  is  therefore  necessary 
to  consider  only  the  question  of  what  configuration  will  yield  the  maximum 
index  change  along  any  of  the  induced  principal  axes  in  the  material. 

The  question  of  the  maximum  change  of  index  is  treated  in  passing 
by  Sterzer,  et  al.*  The  induced  principal  indices  are  given  by 


* Op.  cit. 
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where  the  angle  © is  related  to  the  applied  field  E,  by 


(27)1'2  E,  E0  E, 
cos  e = 1 2 y 


The  only  assumption  is  that  the  crystal  is  cubic , with  43m 
symmetry.  It  is  clear  from  these  expressions  that  the  maximum  change  of  index 
is  obtained  when  the  electric  field  is  chosen  so  that  6=0.  It  is  also 
clear  that,  to  obtain  this  result,  the  field  must  be  applied  in  a (ill) 
direction.  The  field  vector  is  then 

E = E -p-4,  t 

'f3  a)  3 1 3 

For  this  field  direction,  the  changes  of  index  and  the  directions  of  the  in- 
duced axes  are 


x 1 = (112) 
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z’  = (111) 
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Thus  to  obtain  a modulator  with  the  maximum  possible  index  change,  the  incident 
light  must  be  polarized  in  the  direction  of  the  applied  field.  A suitable  con- 
figuration is  sketched  at  the  top  of  the  next  page, 
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110_ 


Light  Propagation  Through  a Linear  GaAs  Modulator 

The  light  propagates  in  the  (110)  direction,  and  the  field  is  applied  in  the 
(ill)  direction. 

In  order  to  use  this  modulator  inside  the  laser  cavity,  Fresnel  re- 
flections at  the  crystal  faces  must  he  avoided.  This  may  be  done  either  by 
antireflection  coating  of  the  two  surfaces  or  by  tilting  the  crystal  so  that 
the  light  is  incident  at  Brewster's  angle.  Tilting  has  been  chosen,  to  avoid 
optical  losses  and  possible  life  problems  with  antireflection  coatings.  When 
the  Brews ter -angle  technique  is  employed,  the  direction  of  polarization  of  the 
incident  light  must  unfortunately  remain  in  the  plane  of  incidence,  and  the 
crystal  must  be  made  wider  in  one  direction  in  order  to  accommodate  the  re- 
fracted beam.  Thus,  the  Brews ter -angle  configuration  for  maximum  index  change 
is  as  sketched  below. 


[in] 


E=  [HI] 
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In  this  case  the  modulator  crystal  is  in  the  direction  in  which  the  field  is 
to  he  applied.  Obtaining  the  required  field  will  therefore  require  that  the 
frive  voltage  be  increased  by  a factor  of  3. 

Ihe  increase  in  drive  voltage  needed  for  the  Brews ter -angle  con- 
tiguration  can  be  avoided  if  the  field  can  be  applied  at  right  angles  to  the 
dilection  of  polarisation  of  the  incident  light.  This  cannot  be  done  if  the 
maximum  index  change  is  required.  However,  a cut  is  available  that  allows 
the  field  and  polarization  directions  to  be  at  right  angles,  and  produces  an 
index  change  only  5$  less  than  the.  maximum  obtainable  in  a 5^m  crystal. 

If  the  field  is  applied  in  the  (OOl)  direction,  the  following 
index  changes  occur  for  corresponding  induced  axes : 

x*  = (110) 


y1  = (I10) 
z*  = (001) 

To  obtain  a modulator  with  this  index  change,  the  light  may  be 
polarized  in  the  (llG)  direction,  with  the  direction  of  propagation  in  the 
(110)  direction.  The  configuration  is  as  follows: 


[no] 


E = [001] 


Light  Propagation  Through  a Linear  GaAs  Modulator 
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The  modification  of  this  structure  into  the  Brewster-angle  configuration  does 
not  require  an  increase  in  the  applied  drive  voltage. 

In  summary,  an  intracavity  modulator  requires  the  maximum  index 
change  rather  than  the  maximum  rotation  of  the  incident  plane  of  polarization 
as  in  an  amplitude  modulator.  For  crystals  with  43m  symmetry,  the  maximum  index 
change  is 
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■where  |e(  is.  the  magnitude  of  the  applied  field,  nQ  is  the  zero  field  index, 
and  r^  is  the  electro-optical  coefficient.  This  index  change  is  obtained  when 
the  field  is  applied  in  the  (ill)  direction  and  when  the  incident  light  is 
polarized  in  the  direction  of  the  field  and  is  propagating  along  the  (110) 
direction.  In  the  Brewster-angle  configuration,  this  crystal  cut  unfortunately 
requires  an  increase  in  the  applied  voltage  by  a factor  of  3 over  the  voltage 
required  by  the  in-line  configuration.  To  avoid  this  potential  disadvantage, 
the  directions  of  the  polarization  and  the  applied  field  must  be  at  right  angles. 
Such  a cut  is  available  with  an  index  change  of  only  15#  less  than  the  maximum 
obtainable.  The  field  is  in  the  (001)  direction;  the  light  is  polarized  in  the 
(110)  direction  and  propagates  in  the  (110)  direction.  The  obtainable  index 
change  is 


= I r>a  no3  M 

Several  of  the  more  important  material  properties  for  GaAs  are  shown  in  Table 

5.2. 2-6. 

5. 2.2. 5. 3.2  Crystal  Geometry 

Because  of  the  large  index  of  refraction  of  GaAs  (n  = 3.30  at  10.6 
microns  and  300°K),  the  refracted  beam  inside  the  Brewster-angle  modulator  is 
very  slight  elliptical.  In  order  to  present  a 0.3  by  0.3-cm  optical  aperatu re 
to  the  laser  cavity,  the  width  of  the  crystal  must  be  equal  to  ¥ (see  Figure 
5.2.2-20,  which  summarizes  the  geometric  properties  of  the  modulator  crystal). 


5.2.2-37 


Report  No.  b033.>  Vol.  I,  Part  1 


The  optimum  modulator  length  has  been  chosen  at  2 cm,  based  on  a tradeoff 
analysis  for  the  transmitter  laser. 

5. 2. 2. 5. 5*3  Crystal  Fabrication 

The  techniques  involved  in  crystal  fabrication  include  semiconductor 
material  preparation  and  cutting,  high-quality  optical -surface  finishing,  metal- 
semi  conduct  or  cleaning,  and  soldering.  A significant' development  during  the 
breadboard  phase  of  the  program  has  been  the  demonstration  of.  a reliable  tech- 
nique for  rugged  attachment  of  the  electrodes.  A nickel  film  is  deposited 
on  the  GaAs  crystal  blank  and  is  diffused  into  the  surface.  Molybdenum  elec- 
trodes are  then  soldered  to  the  nickel  layer  -with  an  indium-base  solder. 

Figure  5*2.2-21  shows  the  results  of  the  intentional  destruction  of  a sample 
soldered  by  this  technique \ the  contact  held  and  material  was  pulled  from 
the  bulk  crystal.  

5 . 2 . 2 . 5 . 3 . 4-  Modulator  Characteristics  and  Assembly 

Table  5 *2. 2 -7  summarizes  important  modulator  characteristics, 

Figures  5*2.2-22,  -23,  and  -2k  present  photographs  of  the  breadboard  modulator 
crystal,  the  modulator  assembly,  and  the  complete  modulator  unit  installed  in 
the  transmitter  laser. 

5.2.2. 5*3*5  Modulator  Driver  and  Modulator -Oven  Temperature  Control 

In  order  to  provide  the  required  index  of  modulation,  the  2 -cm 
modulator  must  be  driven  with  a peak  emf  of  270  volts.  The  modulation  fre- 
quencies are  in  the  band  between  1 and  6 MHz,  and  the  gain  must  be  flat 
within  +0.1  db  between  1.0  and  1.84-  MHz,  and  within  +0.2  dh  to  6 MHz.  Other 
specifications  are  given  in  Table  5*2. 2-8. 

Because  of  the  gain,  the  flatness  is  required  to  be  less  than 
2 fo  over  the  bandwidth.  Because  of  the  lines.rity  requirements,  it  becomes 
necessary  to  use  negative  feedback  to  stabilize  the  gain  and  linearity  to 
accommodate  tolerances  in  component  parameters  and  changes  in  component 
values  over  the  frequency  range  that  are  due  to  agin,  environmental  conditions, 
etc . 
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It  is  also  important  to  use  the  minimum  power  from  the  prime 
power  source  consistent  with  fulfilling  the  operating  specifications.  This 
suggests  Class  B operation  on  the  output  stage,  so  that  the  efficiency  is 
maximized  and  that  the  power  drawn  is  proportional  to  the  power  required. 

The  modulator -driver -circuit  output  stage  shown  in  Figure  5.2.2-23  is  opera- 
ted Class  B.  Each  high-voltage  string  is  biased  near  cutoff,  so  that  a drive 
on  the  bases  of  Qf  and  Q2  will  change  the  capacitance  of  the  modulator  al- 
ternately positive  and  negative.  The  feedback  can  be  generated  by  taking 
the  difference  between  the  currents  sampled  in  the  emitters  of  the  driving 
transistors . 

The  advantage  of  this  circuit  is  that  the  supply  voltage  need 
be  only  slightly  larger  than  the  required  peak  voltage  and,  hence,  the 
quiescent  power  may  be  minimized. 

The  oven -temperature  controller  is  shown  schematically  in  Figure 
5.2.2-26.  The  thermistor  is  placed  in  a bridge  circuit  formed  by  the  Rl,  R2, 
R3,  and  Rl  resistors,  which  drive  the  Inputs  to  the  operational  amplifier 
operated  as  a comparator.  The  operational -amplifier  output  switches  Q1  and 
02  on  or  off,  depending  on  whether  the  temperature  is  below  or  above  the  set 
temperature.  The  oven  heater  is  connected  between  the  collector  of  Q2  and 
the  28 -volt  supply. 

The  modulator  will  be  clamped  by  boron  nitride  and  shielded 
with  aluminum  housing.  Boron  nitride  was  selected  because  it  has  a low 
dielectric  constant,  low  density,  and  good  thermal  conductivity.  The 
temperature  of  the  modulator  will  be  maintained  to  +1°C  in  order  to  limit 
cavity-length  tuning  to  less  than  one  free  spectral  range. 

The  oven  controller  has  been  designed  and  successfully  tested. 
When  the  modulator  is  operated  at  a controlled  temperature  of  70°C,  the 
total  input  power  to  the  controller  will  be  a maximum  of  about  2 watts  at 
the  lowest  heat-sink  temperature  of  10°C. 
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5. 2. 2. 5. 4 Optical  Design 

5.2.2. 5.4.1  Alignment  Tolerance  Requirements 

Experiments  have  been  performed  in  order  to  determine  the  align- 
ment tolerances  of  the  various  laser  components.  Both  the  flat  and  spherical 
transmitter  mirrors  were  tilted  by  a known  amount  about  their  horizontal  and 
vertical  axes.  Figures  5*2.2-27  and  -28  plot  the  resulting  decrease  in  laser 
output,  power  as  a function  of  angular  tilt  for  the  flat  and  spherical  mirrors. 
The  angular  misalignment  of  the  spherical  mirror  at  a 3-db  power  loss  is 
+1.16  mrad  for  movement  about  th^  vertical  axis  and  +1.05  mrad  for  movement 
about  the  horizontal.  The  corresponding  angles  for  the  flat  mirror  are  +I.50 
and  +I.38  mrad. 

A 

The  tolerance  on  the  lateral  displacement  of  the  tube  and  modu- 
lator can  be  inferred  from  .the  angular  misalignment,  0 , of  a spherical  mirror 

s 

having  radius  of  curvature  R.  When  the  spherical  mirror  is  tilted,  the  beam 
is  laterally  displaced  rather  than  being  tilted,  as  is  the  case  for  angular 
movement  of  the  flat  mirror.  The  lateral  beam  displacement,  d,  is  given  by 
d = R 0 . A lateral  displacement  of  the  beam  is  identical  to  a lateral  dis- 

S 

placement  of  the  tube  and  modulator,  assuming  that  the  power  drop  is  due  to 
vignetting  by  the  tube  and  modulator.  The  lateral  displacement  corresponding 
to  a 50-cm  radius -of -curvature  mirror  being  tilted  +1.16  mrad  is  +O.58  mm, 
while  that  corresponding  to  +1.05  mrad  is  +O.525  mm.  These  displacements 
correspond  to  a 5 -db  loss  of  power. 

The  angular  tolerance  of  the  tube  can  be  estimated  by  noting 
that  the  worst  case  occurs  when  the  tube  is  pivoted  about  its  end  near  the 
flat  mirror.  This  angular  displacement  produces  a maximum  laser -tube  effect 
on  the  laser  beam.  If  the  tube  is  10.3  in.  long,  as  is  the  case  expected  for 
the  final  lasers,  the  angular  displacement  producing  the  same  effect  as  a 

lateral  displacement  of  0.55  mm  is  ^ = 2.1  mrad. 
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5.2.2. 5.4.2  Mirror  Mount  and  Transducer  Considerations 

The  type  of  mirror  mount  that  ’would  satisfy  the  requirements  of 
the  LCE  program  should  be  capable  of  being  adjusted  in  the  field,  should  be 
lightweight,  and  should  be  very  rigid  against  vibrational  effects. 

To  achieve  the  required  mechanical  isolation  against  vibration, 
the  individual  elements  of  the  structure  must  be  designed  with  geometries 
and  methods  of  support  that  do  not  have  low-frequency  transverse  resonances. 
The  basic  design  approach  is  to  eliminate  all  thin -plate  and  weak-cant ilever 
structures  that  have  low-frequency  transverse  resonances.  The  joints  between 
the  various  components  of  the  structure,  especially  in  the  area  of  the  mirror 
mounts,  have  been  designed  to  have  large -area  contacts  in  order  to  keep  the 
spring  constant  of  the  joint  at  a high  level. 

It  is  expected  that  the  vibrational  environment  around  the  laser 
after  it  is  in  the  spacecraft  environment  may  be  improved  sufficiently  to 
increase  the  short-term  stability  of  the  laser  by  orders  of  magnitude.  To 
test  the  laser  satisfactorily,  however,  it  will  be  necessary  to  obtain  a 
high  degree  of  stability  in  the  laboratory. 

Figure  5*2.2-29  shows  the  mirror  holder.  In  this  case,  the  non- 
output mirror  is  attached  to  a piezoelectric  bimorph  transducer,  which  in 
turn  is  rigidly  held  to  a rotatable  "ball."  When  the  ball  clamp  Is  loosened, 
the  ball  can  be  rotated  with  an  external  adjustment  jig,  and  can  then  be 
tightly  clamped  to  the  frame.  The  main  advantage  is  the  large  area,  contact 
on  the  ball  with  positive  clamping.  The  output  mirror  will  be  mounted  on  a 
thermally  compensating  standoff  in  order  to  reduce  the  effects  of  temperature 
changes . 

With  the  removal  of  all  etalon-type  components  from  the  laser 
cavity,  the  limits  on  the  allowable  temperature  variations  in  the  modulator 
are  determined  only  by  the  extent  to  which  they  can  be  tracked  out  by  the 
piezoelectric  transducer;  i.e.,  the  maximum -attainable  transducer  movement 
will  eventually  set  the  level  of  temperature  control  required. 


5.2.2-41 


Report  No.  4033,  Vol.  I,  Part  1 


Analysis  subsequently  verified  by  experimental  tests  shows  that 
a bimorph -configuration  piezoelectric  transducer  will  provide  movement  of 
more  than  15  microns  (three  free  spectral  ranges)  while  still  exhibiting  a 
high  fundamental  resonant  frequency.  This  movement  is  about  a factor  of  3 
larger  than  for  the  conventional  stack-of -plates  type  of  transducer. 

A "bimorph1'  or  ''bender'1  transducer  is  a piezoelectric  device 
made  from  two,  thin,  plate -shaped,  transducer  elements  bonded  together  in 
such  a manner  that  one  expands  when  the  other  contracts  in  length.  This 
provides  a bending  motion  when  one  end  of  the  transducer  is  allowed  to  remain 
unconstrained,  as  is  the  case  for  the  image-motion  compensators  to  be  used 
in  the  LCE  optical  system. 

If  the  bender  is  clamped  at  both  ends,  with  a mirror  mounted  in 
the  center  of  the  bender  (as  shown  in  Figure  5.2.2-30),  the  mirror  can- he 
translated  without  tilting.  Either  a linear  bimorph  clamped  at  both  ends  or 
a circular  bimorph  clamped  around  its  periphery  can  be  used  for  this  applica- 
tion. Clamping  a circular  bimorph  entirely  around  its  edge,  however,  will 
reduce  its  travel  by  a factor  of  about  3.5  as  compared  with  the  travel  that 
can  be  obtained  from  a linear  bimorph  with  a length  equal  to  the  circular- 
bimorph  diameter. 

Figure  5.2.2-30  shows  a doubly  clamped  bimorph  with  laser  mirror 

mounted. 

Tradeoff  analysis  involving  size  limitations,  in  the  laser  package, 
maximum  voltages,  mounting  configurations,  and  environmental -stress  levels 
indicates  that  a circular  bimorph  with  the  following  characteristics  will  be 
most  suitable: 
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Diameter  1.0  in. 

Thickness  0.020  in. 

Maximum  safe  voltage  200  volts 

Normal  voltage  range  0 to  150  volts  (below  arc -over 

point  at  critical  pressure) 

Normal  displacement  0 to  15  microns 

Unloaded  resonant  frequency  3 .6  kHz 

Resonant  frequency  with  2.5  kHz  (above  environmental-  ‘ 

mirror  test  spectra) 

A stress/deflection  analysis  has  been  conducted  to  determine  the 
structural  behavior  of  piezoceramic  bimorph  configurations  under  the  qualifi- 
cation, vibration  test,  and  operational  environments.  It  was  found  that  all 
the  stress  levels  were  very  low  and  the  unit  will  operate  with  a margin  of 
safety  of  1.8.  Such  bimorph  structures  have  been  tested  at  Sylvania  and 
found  to  operate  according  to  the  foregoing  analysis. 

The  linearity  of  the  circular  bimorphs  has  been  measured  (see 
Figures  5*2.2-31  and  -32).  As  expected,  they  show  excellent  linearity 
around  the  static  position.  At  higher  voltages,  when  the  device  has  moved 
over  a 10-micron  distance,  the  deviation  from  linearity  is  about  13#.  This 
nonlinearity  will  not  be  a problem,  because  the  laser  will  be  operating  in 
the  closed-loop  mode  at  all  times.  The  sensitivity  of  the  transducer  (microns/ 
volt)  is  very  close  to  that  expected. 


Short-term  aging  effects  were  studied  by  measuring  the  sensitivity 
and  total  movement  of  a transducer  after  it  had  set  for  2 weeks  with  150  volts 
applied.  No  noticeable  change  in  either  quantity  was  observed. 


5.2.2. 6 Local  Oscillator  and  Backup  Lasers 


5. 2. 2. 6.1 


The  design  of  the  local  oscillator  and  the  backup  laser  tubes  is 
similar  to  that  of  the  transmitter  laser  tube.  In  both  cases,  a three -electrode , 
BeO.,  ceramic -metal  tube  is  employed  (see  Figure  5.2.2-16).  Because  these  tubes 
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are  required  to  operate  at  somewhat  lower  output  power  than  the  transmitter 
laser,  the  input  power  will  he  proportionally  less.  To  reduce  the  total 
power  input,  the  cathode -to -anode  electrode  distance  is  reduced,  thus  lower- 
ing the  operating  voltage  while  keeping  the  discharge  current  at  the  same 
level  as  that  of  the  transmitter  laser . In  this  way  the  cathode  temperature 
will  he  maintained  at  the  required  level  (^250C>c)  in  order  to  obtain  long 
life.  The  basic  ceramic -metal  tube  structure  has  been  discussed  earlier  in 
this  section  and  is  therefore  omitted  here. 

The  primary  differences  in  the  optical  cavities  of  the  three 
lasers  are  that  the  LO  and  backup  lasers  do  not  contain  a modulator  and  that 
one  mirror  of  the  LO  laser  is  replaced  by  a grating,  as  discussed  in  Section 

5.2 .2 .6.2 .3  * 

5.2.2. 6.2  Local  Oscillator  Laser 
5. 2. 2. 6. 2.1  Cavity  Losses 

ihe  total  cavity  loss  is  the  sum  of  the  diffraction  loss  occurring 
at  the  ends  of  the  tube  and  the  losses  at  the  end  mirror  and  grating.  The 
coupling  loss,  caused  by  removing  some  of  the  intercavity  power  as  useful 
power  out,  is  considered  separately. 

The  ditfraction  loss  is  a function  of  the  mirror  separation, 
mirror  radius  of  curvature,  and  tube  bore.  These  parameters  are  chosen  so 
that  the  loss  for  the  TEM^  .mode  is  kept  low,  while  the  loss  for  the  TEM^ 
mode  is  high  enough  to  prevent  it  from  lasing.  Li*  has  generated  plots  for 
diffraction  loss  vs  Fresnel  number  and  g factor.  The  Fresnel  number  is  de- 
finea  as  N = a /AL,  where  a is  the  limiting  aperture  at  each  mirror,  A is  the 
mirror  separation.  The  g factor  is  defined  as  g = 1 - (l/r),  where  R is  the 
radius  of  curvature  of  the  spherical  mirror.  A further  constraint  on  the 
radius  of  curvature  and  mirror  separation  is  the  requirement  on  output -beam 
size,  w,  where  w is  defined  as  the  radius  of  the  Gaussian  beam  at  which  the 
intensity  has  fallen  to  l/e  of  its  peak  value.  The  dependence  of  w on  R 
and  L is  discussed  in  Section  5. 2. 2. 6. 2.h. 

V Li,  B.S.T.J.,  917  (1965). 


5.2.2-14^ 


Report  Ho.  4033,  Vol.  I,  Part  1 


The  following  geometrical  parameters  were  selected  by  an  iterative 

process  to  yield  a diffraction  loss  of  0.5$  for  the  TEM  mode  while  that  for 
the  TEM^  mode  is  6$:  00 

a - 2 ami 

R - 50  cm 
L = 9 in. 

As  will  be  shown,  these  values  yield  the  proper  beam  diameter  while  providing 
low  TEM^  mode  loss  and  high  enough  TEM^  loss. 

The  loss  due  to  scattering  and  absorption  at'  the  end  mirror  is 
taken  to  be  0.8*.  The  loss  at  the  grating  is 

5. 2. 2. 6. 2. 2 Tube  Length 

The  required  length  of  the  discharge  tube  depends  on  the  avail- 
able gain  in  the  tube,  the  saturation  intensity,  the  cavity  losses,  and  the 
required  power  output.  The  tube  diameter  is  taken  as  4 mm  for  reason  dis- 
cussed in  the  preceding  section.  For  this  tube  diameter,  the  saturation 
intensity,  I,,,  as  deduced  from  experimental  observations  on  small-bore  tubes, 
is  250  watts/cm  . The  required  power  out  is  30  mw  at  30  MHz  from  line  center, 
and  the  beam  radius,  w,  is  1.24  mm  (as  shown  in  Section  5. 2. 2. 6. 2. 4)  for  the 
radius  of  curvature  and  cavity  length  discussed  above. 

The  average  output  intensity,  Io,  defined  as  P /™2,  lB  therefore 
2.07  watts/cm  . From  Rigrod's  analysis,  discussed  in  Appendix  G,  the  value 
of  the  product  of  small  signal  gain,  gQ,  and  active  discharge  length,  L 
corresponding  to  1^  = O.OO83  is  = 0.09  for  a total  cavity  loss  of 

0.053.  Rigrod’s  analysis  shows  a corresponding  optimum  mirror  transmission 
of  4$.  This  transmission  can  be  achieved  from  either  of  two  coupling  schemes, 
une  involves  the  usual  output  coupling  ghrough  the  partially  transmitting 
spherical  mirror,-  the  other  involves  the  coupling  from  the  grating  at  the 
zero-th  order.  Preliminary  laboratory  tests  show  that  the  latter  approach 
is  not  only  feasible  but  will  improve  laser  efficiency. 


W.  Rigrod,  J.  Applied  Phys..  36.  2487  (1965). 
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Because  g L is  0.09,  the  active  discharge  length  is  about  7 cm 
0 -1 

for  a small  signal  gain,  g , of  0.012  cm  , a value  obtained  from  measure- 
ments performed  on  4 -mm -bore -diameter  tubes. 

5. 2. 2. 6. 2. 3 50-MHz  Offset 

A diffraction  grating  is  used  in  the  L0  laser  to  maintain  a 
greater  oscillation  line  ■width  on  a single  laser  line  so  that  a 30-MHz  offset 
from  the  oscillation-line  center  can  be  reliably  achieved.  Without  a dif- 
fraction grating,  a large  frequency  offset  from  the  oscillation -line  center 
can  cause  the  laser  oscillation  to  switch  from  one  vibration-rotation  transi- 
tion to  another.  This  is  possible  because  there  is  extremely  high  competition 
among  various  vibration-rotation  transitions  in  a CO^  gas  discharge  via  colli- 
sions so  that  the  gain  of  some  other  lines  can  easily  exceed  the  operating 
line  at  the  offset  position. 

The  line  shape  and  line  width  have  been  measured  for  the  bread- 
board LO  laser.  The  results  are  shown  in  Figure  5*2.2-33 * The  full  width 
at  half  maximum  power  point  is  approximately  9°  MHz.  From  that  figure  it  is 
evident  that  a 30-MHz  offset  can  easily  be  achieved  at  a small  increase  in 
the  prime  power  needed  to  overcome  the  grating  loss. 


5. 2. 2. 6. 2.4  Beam"  Properties 


According  to  Kogelnik  and  Li,*  a beam  of  radial  intensity  I = 

2 2 

I exp( -2r  /w  ) will  have  a w parameter  at  a distance  z from  the  beam  waist,  wq,  of 


2 2 
w = w 

o 


1 + 


(Az ) 

/ 2,2 
v o - 


and  a radius  of  curvature,  R,  as  given  by 


If  z = L,  the  cavity  length,  R,is  the  radius  of  curvature  of  the 
cavity  mirror  when  the  opposite  mirror  is  a flat.  Thus,  the  radius  of  curva- 
ture of  the  cavity  mirror  determines  v , which  in  turn  determines  w at  any 
distance  from  the  beam  waist  (located  at  the  flat  cavity  mirror). 


H.  Kogelnik  and  T.  Li,  Proc . IEEE . 54,  1312  .(1966). 
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With  the  output -mirror  radius  of  curvature  and  the  cavity  length 
given  previously,  w = 1.24  mm  for  the  LO  laser.  Here,  w is  the  radius  of  the 
output  beam  to  the  l/e  intensity  point.  The  output  beam,  taken  from  the 
spherical  mirror,  will  be  recollimated  by  shaping  the  outer  surface  of  this 
mirror.  This  technique  has  been  verified  in  the  laboratory  on  the  breadboard 
laser  system. 


5. 2. 2. 6. 2. 5 Beam  Shift > 

It  is  important  to  note  that  if  the  Brewster  windows  are  anti- 
parallel,  the  laser-mirror  alignment  must  be  changed  for  operation  in  a 
vacuum  as  opposed  to  operation  in  air.  If  the  windows  are  parallel,  the 
beam  is  translated  laterally  within  the  cavity.  In  this  case,  no  realign - 
raent  is  required,  but  allowance  must  be  made  in  tube  and  modulator  dimensions 
to  assure  that  no  vignetting  occurs.  The  beam  displacement  in  either  case 
is  due  to  index -of -refract ion  variation  between  air  and  a vacuum.  If  the 
windows  are  parallel  and  at  a Brewster  angle  set  for  air,  the  lateral  dis- 
placement of  the  beam  at  the  curved  mirror  is  zero.  With  reference  to 
Figure  3 *2. 2 -34  for  geometrical  definitions. 


cos  2 0. 


X1  ^ sin  0. 
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A0  = n An 
g- 

where  An  is  the  difference  in  index  of  air  and  vacuum.  If  L = 18.5  cm  and 
t - 0.03  in.,  n = 3.3,  then  x.,  = 1.10,  xQ  = 0.9U,  and  x = 2.04  mm  if  the 
system  is  in  air.  If  the  system  is  in  a vacuum,  Xg  and  are  increased  by 
O.163  mm.  Because  this  variation  occurs  at  the  flat  mirror  end  of  the  cavity, 
where  the  beam  is  much  smaller  than  the  tube  diameter,  little  or  no  signifi- 
cant effect  is  expected  to  be  observed  in  the  LO  and  backup  lasers.  In  the 
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transmitter  laser,  however,  the  modulator  will  cause  some  vignetting  of  the 
beam  unless  its  cross  section  is  sufficiently  large.  In  one  direction  the 
modulator  will  be  made  approximately  0.2  mm  larger  than  required  in  order  to 
operate  satisfactorily  in  both  air  and  a vacuum. 

3- 2. 2. 6. 2. 6 Input  Power  • 

Experimental  results  in  life  testing  of  laser  tubes  indicate 
that  about  5 ma  of  current  is  required  in  each  leg  of  the  discharge  tube  to 
provide  enough  cathode  heating  to  maintain  tube  life.  Figure  3*2.2-35  plots 
tube  voltage  as  a function  of  tube  current  for  various  anode-cathode  dis- 
placements. It  corresponds  to  one-half  of  the  discharge  tube  and  indicates 
that  the  required  power  for  a 3«5~cm  discharge  (the  length  required  for  the 
L0  tube)  is  approximately  5 watts,  or  10  watts  for  the  entire  discharge  tube. 

A11  analysis  currently  in  progress  indicates  that  the  total  input  power  may 
be  reduced  by  decreasing  the  tube  current  and  using  an  external  cathode 
heater. 

5. 2.2. 6. 3 Backup  Laser 

5.2.2. 6.3*1  Cavity  Design 

The  backup  and  L0  lasers  are  very  similar  in  construction,  except 
that  the  backup  laser  lacks  the  internal  grating  of  the  L0  laser.  The  analysis 
leading  to  the  backup  design  is  identical  to  that  of  the  L0  laser,  and  only 
the  results  will  be  presented  here.  A 7~cm  active  discharge  in  a 4 -mm 
diameter  tube  will  produce  the  required  650  mw  of  output  power.  The  spherical- 
mirror  radius  of  curvature  is  107  cm,  and  there  is  a 10-in.  separation  between 
the  spherical  output  mirror  and  the  totally  refelcting  flat  mirror.  The 
power  required  by  such  a tube  is  10  watts.  The  collimated -output -beam  radius 
is  1.42  mm  to  the  l/e  intensity  point.  This  has  been  demonstrated  in  an 
experiment  with  the  breadboard  L0  laser. 

5. 2. 2. 6. 3*2  Wavelength  Selection 

The  backup  laser  must  operate  on  two  P-transitions  upon  command, 
in  order  to  facilitate  its  use  as  a transmitter  or  a local  oscillator.  To 
accomplish  this,  the  flat  mirror  will  be  mounted,  on  a piezoelectric  transducer 
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that  will  translate  the  mirror.  The  resulting  change  in  cavity  length  will 
allow  the  required  wavelength  to  be  selected. 

A further  requirement  is  that  a JO -MHz  offset  from  line  center  be 
obtained  at  each  of  the  two  P -transition  wavelengths.  The  problem  encountered 
here  is  that  the  laser  may  shift  to  another  wavelength  when  the  cavity  length 
is  tuned  from  line-center  operation.  Gerhard  Schiffner  has  shown  that  the 
proper  choice  of  total  cavity  length  will  eliminate  this  problem.  Therefore;, 
the  total  cavity  length  may  change  by  1 or  2 nan,  with  wavelength  selection 
being  accomplished  by  additional  fine  length  tuning  of  about  1 micron. 

5. 2. 2. 7 Laser  Subsystem  Electronics 

The  frequency  of  the  three  lasers  in  the  inodes  required  for  laser 
functions  is  controlled  by  the  AFC  electronics  for  the  laser  subsystem.  The 
transmitter  laser  uses  mhe  AFC  electronics  to  search  for  the  proper  wave- 
length  and,,  upon  acquisition;  to  lock  to  the  line  center  and  remain  locked. 

The  local  oscillator  uses  the  electronics  to  search  for  the  proper 
wavelength  and;  upon  acquisition;  to  lock  offset  from  line  center  by  JO  MHz 
and  to  remain  locked  there  until  commanded  to  lock  to  the  discriminator  out- 
put of  the  receiver  subsystem.  In  this  mode;  the  local  oscillator  will  track 
the  transmitted  signal  with  the  specific  JO-MHz  offset. 

l 

The  backup  laser  uses  the  electronics  to  provide  either  of  the 
two  functions  - the  transmitter  AFC  and  the  local  oscillator  AFC  - upon 
receipt  of  the  proper  command.  In  addition;  the  backup  laser  electronics 
must  be  capable  of  selecting  either  wavelength;  which  is  accomplished  by 
selecting  the  output  beam  frpm  the  appropriate  power  detector  illuminated  from 
the  proper  diffraction  grating. 

Succeeding  paragraphs  discuss  the  block  diagrams  of  the  AFC 
electronics  and  explain  the  operation  of  the  unit. 

Figure  5*2.2-36  presents  a block  diagram  for  the  transmitter  AFC 
system.  Operation  is  initiated  by  the  application  of  low -voltage  power. 

With  no  power  returning  from  the  power  detector;  the  output  from  the  threshold 
circuit  is  a NOT  THRESHOLD;  which  throws  the  F5T  switch  (shown  schematically 
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as  a single^pole,  two -throw  switch)  to  connect  the  search  oscillator  into  the 
integrator.  The  search  oscillator  has  a square -wave  output  that  becomes  a 
triangijilar  wave  when  passed  through  the  integrator.  The  triangular  wave  is 
amplified  in  the  tuner  driver  and  is  applied  to  the  bender  bimorph,  which 
tunes  the  laser  cavity.  The  entire  range  of  the  bender  bimorph  is  swept  ■ 
out  once  per  second,  searching  for  power  returning  from  the  power  detector. 
When  the  cavity  is  the  proper  length  to  produce  power  at  the  selected  wave- 
length, the  power  detector  will  deliver  a voltage  that  will  trigger  the 
threshold  circuit.  This  action  will  throw  the  FET  switches  into  position 
for  dither  stabilisation. 

A dither  oscillator  is  operating  at  about  75  Hz  and  is  fed  to 
the  input  to  the  tuner  driver;  the  laser  is  frequency -modulated  at  this 
dither  rate.  The  output  of  the  power  detector  will  be  amplitude -modulated 
at  the  dither  rate  by  slope -detection  on  the  power-profile  curve  of  the 
laser  operating  line.  By  detecting  the  amplitude  modulation  in  synchronism 
with  the  dither  frequency,  a discriminator-like  curve  is  generated  that  has 
a zero  at  the  line  center.  Thus,  an  error  signal  is  generated  that  will 
drive  the  tuner  so  that  the  laser  is  operating  on  line  center. 

The  transmitter  will  continue  to  operate  on  line  center,  pro- 
vided power  is  sensed  on  the  power  detector.  Any  interruption  of  power 
will  cause  the  system  to  revert  to  the  search  mode  until  power  is  again 
s ens  ed . 

A level -sensing  and  inhibit  circuit  is  shown.  Its  purpose  is- 
to  inhibit  locking  to  a power  profile  that  is  only  partially  present  within 
the  range  of  the  tuner  driver.  For  instance,  if  the  first  power  sensed  is 
from  a profile  that  centered  at  a voltage  beyond  the  capability  of  the  tuner 
driver,  the  dither -stabilization  error  will  require  the  voltage  to  he  in- 
creased up  to  the  limit  of  the  driver.  At  that  point  the  system  will  be 
locked  without  having  found  line  center.  With  the  level  sensing  and  inhibit 
circuit,  the  threshold  is  inhibited  from  looking  at  the  power  profile  on  the 
extreme  limits  of  the  tuner  driver  range,  and,  when  a lock  is  accomplished, 
a lock  on  line  center  is  assured. 
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Figure  5.2.2-37  presents  the  local  oscillator  block  diagram. 
Operation  is  again  initiated  by  the  application  of*  low-voltage  power  to  the 
circuits  and  the  initial  operation  is  identical  to  that  of*  the  transmitter. 
However , after  the  laser  has  been  dither -stabilized  to  the  line  center  and 
a preset  time  delay  has  expired,  the  system  is  locked  to  make  the  power  out- 
put equal  to  a reference  value  that  has  just  previously  been  determined.  The 
reference  power  is  determined  by  measuring  the  power  at  line  center  at  the 
time  the  system  is  dither -stabilized  and  by  reducing  the  voltage ■ analog  of 
the  peak  power  by  an  offset  voltage.  The  voltage  difference  is  then  held 
in  a digital  saraple -and -hold  circuit  and  provides  the  analog  of  the  reference 
power  to  which  the  system  will  be.  locked.  The  output  power  is  then  held  to 
this  value  until  an  OPERATE" ON"  level  command  is  received.  This  command 
switches  the  integrator  input  to  the  output  of  the  receiver -subsystem  dis- 
criminator, and  the  local  oscillator  will  be  slaved  to  the  frequency  of  the 
received  transmitter  with  the  desired  30-MHz  offset. 

An  analysis  of  the  errors  introduced  by  drifts  and  offsets  in 
the  LO  offset  method  is  presented  below. 

The  power -frequency  profile  is  assumed  to  have  a characteristic 
shape  defined  by 


V - V 


m 


1 - b£_ 

(Af  )2 
osc 


where  AfQsc  ~ 90  MHz..  It  is  also  assumed  that  the  shape  of  the  profile  is 
preserved  under  aging  effects,  loss  of  gas  pressure,  etc.  The  slope  at  the 
IF  offset  frequency  will  thus  remain  essentially  constant.  The  slope  at  the 
offset  frequency  is  given  by 


dv 

df 


V 


m 


8f 

(Af  y 

osc 


If  = f 


IF 


Using  V = 2.5  volts,  f = 30  MHz,  and  Af  = 90  MHz, 
111  IF  . osc 


dv 

df 


74  mv/MHz 
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Analysis  of  a measured  power'  profile  indicates  the  slope  to  be 
slightly  less  than  this  value.  To  be  conservative,  the  measurement  value 
(approximately  50  mv/MHz)  will  be  used. 

As  an  arbitrary  breakdown,  assume  two-thirds  of  the  budget  for 
the  laser  and  one-third  for  electronics. 

The  allowable  fixed  - frequency  error  is 

l.TMHz  x 50  mv/MHz  - 55  mv;  electronics  18  mv 
The  allowable  drift  is 

0.5  MHz  x 50  mv/MHz  =25  mv;  electronics  9 mv 
The  identified  sources  for  the  fixed -frequency  error  are  as  follows: 

Measurement  of  V. 

m 

Value  of  offset  voltage, 

Quantizing  error  in  sample -and -hold  circuit 

Offset  voltage  in  integrator 

Finite  loop  gain. 

4 

The  open -loop  gain  will  be  designed  to  be  nearly  10  so  that  the 
error  caused  by  finite  loop  gain  will  be  negligible. 

■ The  offset  voltage  in  the  integrator  will  have  a maximum  of  5 mv, 

with  a typical  value_  of  1 mv. 

The  seven-bit  sample -and -hold  circuit  will  have  a maximum  quantiz 
ing  error  of  about  6 mv,  considering  that  the  voltage  to  be  sampled  is  about 
1,5  volts.  In  addition  to  the  quantizing  error  of  the ' sample -and -hold 
circuit,  the  comparator  will  have  an  offset  error  that  may  be  as  high  as 
5 mv.  However,  it  is  important  to  note  that  the  offset  errors  in  the  com- 
parator and  in  the  integrator  are  not  random  errors  but  are  attributed  to 
the  tolerance  of  components.,.  Once  the  components  are  selected,  these  errors 
may  be  compensated  by  adjusting  the  value  of  V^. 

The  offset  voltage,  V^ , may  be  held  to  0.5$  or  about  5 mv. 
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Time  will  be  required  to  permit  the  accurate  measurement  of  V . 
To  hold  to  4 mv,  at  least  1’J  millisec  is  required. 

The  total  initial  offset  budget,  considering  offset  errors  in 
the  operational  amplifier  than  can  be  compensated,  is  thus 


Quantizing  error 


V 


Measurement  of  V 
. m 


■which  is  well  within  the  requirement. 


Budget , mv 

6 

5 

4 

13 


The  sources  of  drift  during  the  300 -second  period  one  identified 
in  the  electronics  are  (a)  offset  voltage  drift  in  the  integrator,  (b)  power 
detector/amplifier  drift,  and  (c)  sample ^and -hold  drift. 

Again  as  an  arbitrary  breakdown,  each  of  the  three  sources  of 
drift  is  budgeted  at  one-third- of  the  allowable  drift  of  9 mv.  Each  of  these 
items  is  therefore  assigned  a 3-mv  drift  within  a 3 00 -second  period. 

The  backup  laser  must  be  capable  of  assuming  either  the  role  of 
the  transmitter  or  that  of  the  local  oscillator.  To  do  this,  the  functions 
shown  in  Figure  5*2.2-38  are  added  to  the  local  oscillator  - e.g.,  selection 
of  the  proper  power -detector  output  to  allow  locking  on  either  line  and  also 
to  be  able  to  lock  on  line  center  or  offset.  This  is  accomplished  by  in- 
hibiting the  time  delay  following  the  threshold  in  the  transmit  mode..  With 
the  delayed  threshold  inhibited,  the  L0  offset  sequence  is  interrupted  and 
the  system  will  remain  locked  in  the  dither-stabilized  mode. 

Figures  5*2.2-39,  -40,  and  -4l  provide  block  diagrams  for  the 
feedback  loops  and  show  the  particular  transfer  functions. 
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TABLE  3. 2.2-1 

LASER  SUBSYSTEM  REQUIREMENTS 


Backup  Laser 


Transmitter 

LO 

Transmitter 

L0 

Power  output 

650  tD¥ 

80  mw 

65O  mw 

500  mw 

Mode 

Polarization 

TEM 

00 

Linear 

TEM 

CO 

Linear 

TEM 

00 

Linear 

TEM 

CD 

Linear 

Transition 

P(20),  ' 

10.6  microns 

P(l6), 

10  microns 

P(  20) 

P(l6) 

Operating  frequency 

4100  kHz 
from  line 
center 

30  + 0.05  MHz 
from  line 
center 

+100  kHz  from 
line  center 

30  + 0.05  MHz 
from  line 
center 

Offset  accuracy 
Frequency  stability 

— — 

+1.1  MHz 

-- 

+1.1  MHz 

0.1  to  5 Hz 

100  kHz,  rms 

100  kHz,  rms 

100  kHz , rms 

100  kHz,  rms 

5 to  800  kHz 

50  kHz , rms 

50  kHz,  rms 

50  kHz,  rms 

50  kHz,  rms 

800  kHz  to  6 MHz 

2.7  kHz,  rms 

2.7  kHz,  rms 

2.7  kHz,  rms 

2.7  kHz,  rms 

Amplitude  stability 

2 <f>,  rms 

0.3$,  rms 

2$,  rms  . 

0.3 °jo,  rms 

PZT  travel 

15  microns 

6 microns 

6 microns 

6 microns 

Frequency  modulation 
bandwidth 

1 to  6 MHz 

Modulator -driver  in- 
put stability 
( 24  hours ) 

+0.1  db 

Linearity 

Vfo  over  73f0 
of  bandwidth 
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Symbol 


a 

C 


C 

c 

C 

s 

D 

f 

f 

m 

Af 

peak 


K. 


K. 


n 


V! 

v„ 


M 


V 
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TABLE  2. 2-2 

TRANSMITTER -MODULATOR  DESIGN  PARAMETERS  ' 

Definition 

Modulator -aperture  size 
Total  modulator  capacitance 
Modulator-rcrystal  capacitance 
Stray  modulator  capacitance 
Bore  diameter  of  tube 

Laser  oscillation  frequency  2.8  x lO1^  Hz 
Modulation  frequency 

Peak- frequency  deviation  at  FM  on  transmitter  output  (4.0  MHz 
maximum) 

Tube  current 

Efficiency  factor  for  tube  power  supply 
Efficiency  factor  for-  modulator  driver 
Laser-cavity  length 
Modulator -crystal  length 
Active  length  of  tube 

Refractive  index  of  modulator  crystal  = 3.3  for  GaAs 
Modulator  voltage 
Tube  voltage 

Electro-optic  coefficient  = 1.6  x 10 ~10  cm/volt  for  GaAs 


Table  5. 2. 2-2 


Report  No.  4033,  Vol.  I,  Part  1 


TABLE  5- 2- 2-3 

VALUES  USED  IN  POWER  CALCULATION 


Tube  diameter 

0.4  cm 

Modulator  aperture 

0 . 3 cm 

Modulator  loss 

0.012  per  cm 

Modulation  frequency 

1.5  MHz 

Modulator  quiescent  power 

1*5  watts 

Stray  modulator  capacitance 

7 pf 

Modulator-driver  efficiency 

64$ 

Tube -power-supply  efficiency 

100$ 

TABLE  3. 2. 2-4 

TRANSMITTER  LASER  DESIGN  SUMMARY 

0.70  •watt  (max) 

20  cm 
0.4  cm 
2.0  cm 
1.4-$ 

0.3  cm  (square) 

26  watts,  2.6  kv,  10  ma 
6.5  watts 
150  cc 

Linearly  polarized  with  GaAs 
Brewster -angle  windows 

Round,  2.8  mm  in  diameter 

Heated  nickel  cathode,  two  anodes 


.2.2-3  and  -4 


Power  output  (TEM  mode) 
Active  length  of  tube 
Bore  diameter  of  tube 
Modulator -crystal  length 
Modulator  absorption  loss 
Modulator  aperture 
Tube,  power  input 
Modulator , power  input 
Ballast  volume 
Polarization 

Output -beam  shape 
Electrode  configuration 
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TABLE  5, 2. 2-5 

COMPARISON  OF  MODULATION  TECHNIQUES 


Technique 


Notes 


Amplitude  modulation 


Phase  modulation 
(external  electro-optic 
phase  modulator) 


Frequency  modulation 
(internal  electro-optic 
phase  modulator) 


Sacrifices  available  carrier  power  whether  in- 
ternal or  external 

Large  signal-level  changes  because  of  power  fades 
in  atmospheric  path 

Requires  that  receiver  local  oscillator  be  phase - 
coherent  with  carrier  oscillator,  which  is  diffi- 
cult at  optical  frequencies 

Very  large  modulator  fields  required  to  produce 
significant  phase -modulation  depth 

Makes  use  of  heterodyne  detection  with  easily 
achieved  AFC  of  local  oscillators 

Moderate  electrical  fields  produce  large  modula- 
tion depth 

Sacrifice  in  available  carrier  power  easily  made 
up  in  reduced  modulator -drive  power  required 
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TABLE  5.2. 2-6 
GaAs  MATERIAL  PROPERTIES 


Property 

Mechanical 

Density 

Young 1 s modulus 
Etch -pit  density 

Thermal 

Melting  temperature 
Thermal  conductivity 
Linear  expansion  coefficient 
Specific  heat 

Electrical 

Resistivity 

Optical 

Refractive  index 

Electro-optical  coefficient  (7,  ) 


Value 


5*3  g/cra^ 

12.3  x 10^  psi 
,8.3  x 10  4 cm  ^ 


1240°C 

O.0885  cal/sec-cm-°C  at  300°K 
6 x 10-6/°C 
0.064  cal/cm-°C 

7.9  - 7*8  x 107  ohm-cm 


3.30  at  10.6  microns  at  500°K 
1.6  x 10  ^ cm/volt 


TABLE  5. 2.2-7 
MODULATOR  CHARACTERISTICS 


Modulation  depth 
Temperature  tuning  effect 
Modulator -crystal  capacitance 


4.0  MHz  for  270 -volt  peak 
500  MHz/°C 

6.5  pf 
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TABLE  3. 2. 2-8 

moduiator/modulator  driver  specifications 


Output  voltage 
Load  impedance 
Input  voltage 
Power  input 
Quiescent 
Maximum 

Input  impedance 
Gain  stability 
Return  loss 

Overall  modulator/driver  response 
Frequency  response 


Group  delay 


Modulator  linearity 


Nonlinearity  distortion  of 
synchronizing  signal 


270  volts  peak 
10  MO  and  20  pf 
1 volt  +0.5  db 


2*75  watts 
6.15  watts 


75  ohms 

+0.1  db  for  24  hours 


>50  db 

4-MHz/volt  input 
1 to  5.3  MHz 

Reference  Frequency  Design  Goal 


1.025  MHz  0 db 

1.0  to  1.840  MHz  +0.1  db 

1.840  to  5.3  MHz  +0.2  db 

+Q.2  ns/MHz  slope 
0.04  ns/MHz^  parabolic 
0.6  ns  peak-to-peak  ripple 

2 °lo  for  center  90 1°  of  bandwidth 
1$  over  75$  of  bandwidth 


Synchronizing  pulses  between  0.25 
0.30  volt  (measured  at  a point  of 
insertion  gain) 


Minimum 
0 db 

+0.25  db 
+0.4  db 


and 

0-db 
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TABLE  5. £.2-8  (cont.) 


Boise 

Periodic  noise  (ratio  of  peak-to- 
peak  picture  signal  amplitude  to 
peak-to-peak  noise  amplitude) 


Power -supply  hum  (including 

58  db 

fundamental  frequency  and 
low  harmonics ) 

Single -frequency  noise  be- 
tween 1 kHz  and  2 MHz 

62 

db 

Single-frequency  noise  be- 
tween 2 and  5 MHz 

46 

db 

Input  command 

Size 

Weight 


Gate  on/off  (0  +0.5  volt 
3 x 3 x 2 in, 

10  oz 
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Figure  5*2. 2-2 


Metal-Ceramic  CO^  Laser  Tube  vhich  Passed  LCE 
Qualified  Level  Vibration  Tests 
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AFC  Stabilization  by  Heterodyne  Technique 


Figure  5. 2. 2-3 


FREQUENCY 
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± 26  kHz 

"T  1 

*5  30  45  60 

TIME  --  minutes 


Heterodyne  Frequency  Versus  Time  for  TO -Watt  Laser 
Beating  vith  Stable  Reference  Oscillator  with  AFC 


Figure  5. 2. 2-5 
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GALLIUM  ARSENIDE  MODULATOR 
OPERATING  AT  BREWSTER'S  ANGLE 


Figure  5 .2. 2-6 
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CASE  I STRAIGHT-THROUGH  MODULATOR  WITH 
ANTIREFLECTION  COATED  ENDS 


CAPACITANCE  -C 
DRIVE  VOLTAGE  =V 
tiRIVE  POWER  * P 


CASE  2 BREWSTER  ANGLE  MODULATOR  {HIGH  VOLTAGE) 


CAPACITANCE  = C/3.44 
DRIVE  VOLTAGE  = 3.44  V 
DRIVE  POWER  = 3.44  P 


CASE  3 BREWSTER  ANGLE  MODULATOR  (HIGH  CAPACITANCE) 


CAPACITANCE  = 3.44  C 
DRIVE  VOLTAGE  = V 
DRIVE  POWER  = 3.44  P 


Electrical  Characteristics  of  the  Straight-Through  and 
Brewster  Angle  Geometries  for  Gallium  Arsenide 


Figure  5 • 2. 2-7 


Figure  5. 2. 2-8 


Laser  Subsystem  Breadboard  Electronics  Package 


Report  No.  4033 j Vol.  I,  Part  1 


Figure  5.2. 2-9 


Laser  Subsystem  Breadboard  Electronics  (Cover  Removed) 


Report  No.  4033,  Vol.  I,  Part  1 


Figure  5.2.2-10 


Breadboard  Transmitter  Laser 
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Figure  5.2.2-11 


Output  End  of  Transmitter  Laser  Showing  Expansion  Optics  and  Wavelength  Selection  Optics 
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Figure  5.2.2-12 


Breadboard  Local  Oscillator  Laser  Showing  Removeable  Mirror  Adjustment  Jig 
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Figure  5-2.2-13 


Local  Oscillator  Grating  Mount  Shoving  Internal  Grating 
Mounted  on  Circular  Bimorph  Transducer 
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MODULATOR 

CRYSTAL 


LT 


POWER  FLOW  IN  THE  TRANSMITTER 
MODULATOR  SUBSYSTEM 


Figure  5*2.2-14 


POWER,  WATTS 
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TRANSMITTER  LASER  - MODULATOR  INPUT  POWER  AND 
TUBE  LENGTH  VS  MODULATOR  LENGTH 


Figure  5-2-2-15 
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Space -Qualified  Laser  Tube  Assembly- 


Figure  5.2.2-16 


Figure  5-2-2-17 
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LASER  TURF  FABRICATION  FLOW  CHART  (PRELIMINARY) 
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Figure  5*2.2-19 
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Gallium  Arsenide  Modulator  Crystal 


Figure  5.2.2-20 


Figure  5.2.2-21 


Results  of  Intentionally  Pulling  Molbdenum  Electrode  from  GaAs  Crystal 
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Figure  5.2.2-22 


GaAs  Modulator  Crystal,  Breadboard  Model 
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Figure  5.2.2-23 


Components  of  In-Cavity  Modulator  Assembly 
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Figure  5.2.2-24 


Laser  Modulator  Mounted  in  Transmitter  Assembly 
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Figure  5.2*2-26 
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NOTES-UNLESS  OTHERWISE  SPECIFIED: 

1.  PARTIAL  REFERENCE  DESIGNATIONS 

are  shown:  can  complete  designation 

PREFIX  WITH  CNIT  NO.  AMD  ASSEMBLE 
DESIGNATIONS. 

2.  RESISTANCE  VALUES  IN  OHMS 
■i.  CAPACITANCE  VALUES  IN  UF 
+.  UNUSED  Pins  NOT  SHOWN 
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LASER  POWER,  RELATIVE  UNITS 
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C T,  MILLIRADIANS 

ANGULAR  MOVEMENT  OF  FLAT  MIRROR 


Figure  5*2,2-27 


LASER  POWER,  NEGATIVE  UNITS 
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ANGULAR  MOVEMENT  OF  SPHERICAL  MIRROR 


Figure  5*2.2-28 
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Figure  5.2.2-29 
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DOUBLY  CLAMPED  BIMORPH 
WITH  LASER  MIRROR  MOUNTED 


Figure  5.2.2-  30 
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MOVEMENT,  MACRONS 

MEASUREMENT  OF  CIRCULAR  3 i MORPH  LINEARITY  OF  MOVEMENT 
WITH  APPLIED  VOLTAGE  OVER  NARROW  RANGE  NEAR  REST  POSITION 
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Figure  5*2.2-32 


MEASUREMENT  OF  CIRCULAR 


WITH  APPLIED 
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RELATIVE  OUTPUT  POWER 
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FREQUENCY,  MHz 

POWER-FREQUENCY  PROFILE  BREADBOARD  LOC AL- 0 SC  I LLATO R LASER 


Figure  5*2.2-33 


Figure  5 .2.2-3*!- 


OPTICAL  PATH  WITHIN  CAVITY 
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TUBE  VOLTAGE,  KILOVOLTS 


EXPERIMENTAL  DISCHARGE  TUBE  V H CHARACTERISTICS 
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Figure  5*2.2-37 


LOCAL  0 ' C I LLATOR 
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Figure  5*2*2-38 


Figure  5*2*2-59 


Dither  Loop 
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Offset  AFC  Loop 
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5.2.5  Radiation  Cooler 

The  discussion  of  the  radiation  cooler  that  follows:  (a)  provides 
a general  description  of  the  cooler;  (h)  discusses  the  requirements  imposed 
on  this  assembly;  (c)  highlights  all  the  trade  studies  that  led  to  the 
proposed  design;  and  (a)  presents  a detailed  discussion  of  that  design  in  terms 
of  meeting  the  requirements. 

. The  mixer  detector  of  the  LCE  must  be  cooled  to  approximately 
100 °K  to  ensure  proper  and  reliable  performance  of  the  experiment.  This 
low  temperature  must  be  maintained  in  a geosynchronous  satellite  space 
environment  for  a period  of  at  least  2 years.  This  length  of  time,  coupled 
with  power,  vibration,  reliability,  and  weight  considerations  associated 
with  the  LCE,  precludes  the  use  of  closed-cycle,  open-cycle,  or  mechanical 
coolers  and  leaves  only  a passive  cooler  as  the  possible  mechanism  for 
cooling  the  mixer. 

In  designing  a passive  radiator,  the  attempt  is  made  to  minimize 
heat  inputs  to  the  radiator,  and  to  maximize  heat  transfer  from  the  radiator 
to  space.  Sources  of  heat  that  must  be  considered  include: 

• Direct  and  reflected  solar  energy 

• Ekrthshine  and  albedo 

• Heat  conducted  through 

- Insulation  barriers 

- Electrical  wires 

- Supports 

- • Infrared  radiation  from 

Protective  sunshade 

LCE 

ATS 

The  proposed  radiation  cooler  design  meets  all  the  requirements 
outlined  in  Paragraph  5*5»2.1.  The  predicted  temperature  cycle  of  the. 
radiation  cooler  during  the  year  is  presented  in  Figure  5»2.3-1j  the  extremes 
are  98°K  during  winter  solstice  and  ll6°K  during  summer  solstice.  The 
uncertainties  associated  with  these  temperature  predictions  are  +10°K.  These 
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uncertainties  account  for  inaccuracies  in  the  analytic  techniques,  inaccuracies 
in  available  information  on  thermophysical  properties  used  to  construct  the 
radiation  cooler,  a lack  of  precision  in  the  environment’s  definition,  etc. 
Detailed  trade  studies  were  conducted  prior  to  the  selection  of  the  proposed 
design.  These  trade  studies  have  indicated  that  this  design  is  an  optimum  for 
the  I£E.  Although  the  cooler  did  not  meet  the  initial  design  goal  of  100  +5°K, 
it  comes  closest  to  fulfilling  this  requirement.  Because  the  design  goal  was 
not  reached,  the  specification  to  SAT  on  the  flight  mixer  assembly  units  had 
to  be  changed.  The  implications  of  this  change  for  the  system  are  described 
in  other  sections  of  the  report.  If  the  volume  constraints  placed  upon  the 
radiation  cooler  were  lessened,  then  it  would  be  possible  to  lower  the  tempera- 
ture and  more  closely  approach  the  original  design  goal.  No  other  passive 
radiation  cooler  type  can  come  as  close  to  meeting  the  design  goal.  An 
additional  advantage  of  this  cooler  is  that  the  sunshade  can  be  removed 
without  altering  the  alignment  of  the  detector  and  radiator.  This  facilitates 
integration  of  the  LCE  into  the  ATS  spacecraft.  Many  of  the  design  features 
associated  with  the  radiator  cooler  are  essentially  state  of  the  art.  An 
extensive  development  program  is  underway  to  ensure  that  the  proposed  design 
is  successfully  transformed  into  successful  hardware.  Work  to  date  indicates 
that  this  transformation  can  be  successfully  completed  at  Aerojet  within  the 
schedule  constraints  of  the  program.  The  details  of  this  program  are  presented 
in  Section  5*3*3* 

The  cooling  system  proposed  for  use  on  the  LCE  is  presented  in 
figure  5*2. 3-2.  Before  going  into  the  details  of  the  requirements,  analysis, 
and  design,  a brief  description  of  the  radiator  cooler  is  given  below. 

The  radiator  and  sunshade  are  individually  attached  to  the  LCE  by 
low-conductance  ball/spring  mechanisms.  The  radiator,  sunshade,  and  sunshade 
radiator  flange,  or  lip,  are  all  symmetric  about  one  axis  and  are  all  backed 
by  super -insulation : ; 
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The  detector  is  attached  to  the  hack  of  the  radiator.  The 
radiator's  front  face  has  a view  to  space  and  the.  sunshade.  The  radiator  is 
a flat  disc,  the  radiating  diameter  of  which  is  6,4  in.  and  the  axis  of  which 
points  8 degrees  54  minutes  of  arc  down,  toward  the  +Z  axis  (earthward)  from 
the  -Y  axis  (north).  The . sunshade  is  an  ogival  surface  of  revolution  with  a 
constant  radius  of  curvature  of  25.384  in.  in  any  plane  of  the  axis.  The 
sunshade's  diameter,  where  it  meets  the  lip, "is  9*5 6 in.  The  axial  length 
of  the  sunshade  is  T.3 62  in.  The  sunshade  radiator  flange  or  lip  is  a flat 
surface  of  revolution,  the  inner  diameter  of  which  is  the  same  as  the  outer 
diameter  of  the  sunshade,  and  the  outer  diameter  of  which  is  15*56  in. 

Figure  5 *2. 3-3  presents  the  maximum  and  minimum  temperatures  of  the 
radiator  as  a function  of  the  width  of  the  sunshade  lip  for  the  two  orbital 
extremes,  the  summer  and  winter  solstices.  Volume  limitation  imposed  by  the 
ATS  spacecraft  design  constraints  precludes  having  a lip  the  width  of  which 
is  much  in  excess  of  3 in* 

The  exposed  surfaces  of  the  radiator  and  lip  are  covered  with 
second- surface  mirrors.  The  sunshade's  exposed  surface  is  vacuum-deposited 
aluminum  over  electroless  nickel  which  is  applied  to  an  aluminum  structure 
O.O9O  in.  thick. 
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A description  of  the  mounting  system  follows : 


MAGNESIUM 

RADIATOR 

DETECTOR 


SUPERINSULATION 


BERYLLIUM 

BASE 


ALUMINUM 

SUNSHADE 


SPRINGS 

ARD  STEEL 
BALLS 


45°  CONTACTING 
FACES  - HARD 
STEEL 


A3511:70-1815 


The  radiator  and  sunshade  are  each  attached  separately  to  an  outer 
ring.  At  the  temperature  associated  with  vehicle  launch,  300°K,  the  radiator 
and  sunshade  are  each  in  tight  mechanical  contact  with  the  mating  ring  along 
their  45°  slopes.  This  provides  mechanical  support  to  withstand  the  loads 
associated  with  launch.  Once  in  orbit,  the  sunshade  and  radiator  cool  down 
considerably  and  contract  inwardly,  away  from  the  support  ring.  They  are 
each  then  held  accurately  in  place  by  three  hard-steel  ball /spring  sets  that 
provide  sufficient  load  carrying  capability  to  handle  orbital  maneuvers,  yet 
allow  only  a small  heat  flow.  They  are  designed  to  maintain  detector  alignment 
within  the  required  tolerances  for  efficient  operation. 

5*2. 3*1  Requirements 

The  following  is  a listing  of  requirements  for  the  radiation 

cooler : 

1.  The  LCE  passive  radiation  cooler  will  be  designed  to  keep 
the  temperature  of  the  receiver  detector  within  the 
temperature  range  of  110  + 15°K  throughout  the  entire  first 
2-year  period  of  on-station  operation 

2.  The  passive  radiator  will  be  designed  such  that  sunlight 
can  impinge  normally  on  the  radiator  for  a sufficient  period 
of  time  such  that  steady-state  temperatures  are  achieved. 
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During  this  time,,  the  raximum  temperature  of  the  radiator 
shall  not  be  sufficient  to  cause  damage  to  the  receiver 
detector 

3*  The  radiation  cooler  must  not  exceed  the  volume  envelope 
presented  in  Figure  5 • 2.3-4 

4.  The  radiation  cooler  will  be  designed  to  have  minimal 
weight.  As  a design  goal,,  the  weight  will  be  less  than 
5.5  lbm 

5.  The  design  will  facilitate  integration  of  the  LCE  with  the 
AT.S  spacecraft.  In  particular,  it  must  be  possible  to 
install  the  LCE  without  disturbing  the  alignment  of  the 
mixer  detector 

6.  The  radiation  cooler  and  sunshade  will  be  designed  to 
survive  the  radiation  and  accelerate  environments  presented 
in  NASA  Specification  S320-ATS-2B.  Both  sinusoidal  and 
random  vibration  must  be  considered 

7*  The  radiator  will  provide  a mounting  surface  for  the  AIL 
mixer  assembly 

8.  The  alignment  requirements  for  the  detector  and  imaging 
optics  are  presented  below 


Assume  the  Local  Oscillator  and  received  signal  beams  are 
. combined  as  shown  above 


De t e ct or -Mi  xer 

/lx 

+0.005  inch 

Ay 

+0.005  inch 

Az 

+0.010  inch 

A Q 

+2° 

AL  (Distance  between  optics  and  detector)  - +0.010 

*AQ  of  the  imaging  optics  is  dependent  on  the  length  L and 
Az  of  the  detector-mixer. 


5.20-5 


Report  No.  4053,  Vol.  I,  Part  1 


To  meet  these  requirements,  a detailed,  analytical  design,  and 
development  program!  wad  initiated.  Details  of  that  program  are  summarized 
in  the  following  pages . 

5. 2. 5-2  Trade  Studies 

5 . 2 . 5 • 2 . 1 Cooler  Types 

At  the  "beginning  of  the  I£E  Program,  Aerojet  initiated  a detailed 
investigation  of  all  passive  radiation  coolers  which  might  "be  used  to  cool 
the  mixer/detector . Work  performed  during  the  proposal  and  on  other  Aerojet 
contracts  had  indicated  that  power  and  reliability  considerations  precluded 
the  use  of  active  refrigerators  to  obtain  the  required  temperature  of  approxi- 
mately 100°K.  To  begin  the  investigation,  the  Aerojet  technical  library 
conducted  a detailed  survey  to  gather  all  literature,  both  classified  and 
unclassified,  that  had  been  written  on  the  subject  of  radiation  coolers  (see 
references  5-2-3-1  through  -12).  This  survey  indicated  that  most  of  the  work 
on  radiation  coolers  had  been  done  by  the  following  four  companies: 

a.  Arthur  D.  Little  (ALL),  Cambridge,  Massachusetts 

b.  Philco-Ford,  Palo  Alto,  California 

c.  Hughes,  Santa  "Barbara  Research  Center  (SBRC),  California 

d.  ITT  Industrial  Lab oratories,  Fort  Wayne,  Indiana. 

After  scrutinizing  the  literature,  members  of  the  Aerojet  technical 
staff  contacted  the  above  mentioned  companies  to  solicit  their  advice  and 
opinions.  In  all  instances,  the  assistance  that  these  companies  provided  was 
beyond  that  initially  anticipated.  Aerojet  wishes  to  acknowledge  this  help 
and  to  openly  thank  all  the  contributors. 

This  background,  coupled  with  Aerojet’s  own  extensive  experience 
in  the  analysis  of  radiation  coolers,  provided  the  bases  from  which  the 
candidates  for  the  trade  study  were  selected.  These  candidates  were: 

• Stacked  radiator  - single  sunshade  (Figure  5 -2.5-5) 

• Single  radiator  stage  - multiple  sunshades  (Figure  5. 2. 5-6) 

• Single  radiator,  single  sunshade  (Figure  5 .2-5-7 ) 
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Parameters  that  could  he  varied  in  each  of  the  above  designs  were  the  size  of 
the  radiator,  the  shape  and  size  of  the  sunshades,  the  tilt  angle  with  respect 
to  the  spacecraft,  t^he  sunshade  cone  angle,  and  the  thermal  control  coatings. 

The  first  configuration  that  was  examined  in  detail  after  the 
contract  award  date  was  a stacked  radiator  with  a single  sunshade.  This  was 
essentially  the  concept  presented  in  the  Aerojet  proposal.  As  stated  in  the 
proposal.  Aerojet  had  analyzed  and  tested  a portion  of  this  design  and  the 
results  appeared. to  he  quite  favorable.  During  the  testing,  the  effect  of 
the  sun  on  the  cooler’s  performance  was  not  emprieally  determined  because 
facilities  which  are  adequate  for  this  type  of  testing  are  not  available 
anywhere  in  the  United  States.  The  fact  that  the  values  for  solar  input  were 
not  checked  again  during  the  proposal,  either  by  analysis  or  test,  proved  to 
be  quite  critical,  since  a calculation  error  was  made.  Appendix  I presents 
an  internal  Aerojet  memorandum  that  discusses  the  analysis  of  the  proposal 
design  subsequent  to  the  program  start  date.  As  indicated  in  the  analysis, 
the  performance  of  the  proposed  design  was  quite  sensitive  to  changes  in  the 
specularity  of  the  sunshade's  inner  coating.  However,  to  a large  degree,  the 
problem  of  specularity  could  he  alleviated  by  using  second-surface  mirrors  on 
the  outside  surface  of  the  radiator.  The  proposed  design,  as  modified  by 
subsequent  design  analysis  (Figure  5. 2. 5-5),  still  had  problems  that  made 
further  investigation  of  alternate  designs  attractive.  Some  of  these  problems 
are  itemized  below: 

a.  Mounting  second  surface  mirrors  on  a radiator  stack  would 
be  exceedingly  difficult 

b.  Alignment  of  the  detector  would  be  quite  difficult 

c.  IR  input  from  the  sunshade  was  significant  enough  to 
negate  the  advantages  of  a radiator  stack.  There  was 
essentially  only  a 1 K or  2°K  temperature  difference 
between  each  radiator  stage 

d.  The  volume  required  by  this  system  was  larger  than  that 
allotted  by  NASA  at  interface  meetings  held  in  February  1970 

e.  The  maximum  radiator  temperature  for  a design  which  had 
(i)  second- surface  mirrors  on  the  radiator,  (ii)  98$ 

1 specularity  for  the  sunshade  coating,  (iii)  a second 

surface  mirror  cooled  sunshade,  and  (iv)  two  radiator 
o 

stages  were  112  K.  This  was  far  in  excess  of  the  Aerojet 
design  goal  of  9^°K.  Aerojet  hoped  to  obtain  this  design 
goal  so  that  there  would  be  a good  margin  of  safety  in  the 
design  and  so  that  heaters  could  be  incorporated  to  control 
the  temperature  of  the  mixer  detector  to  a value  of  100 
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On  22  January  1970,  a member  of  the  Aerojet  Thermal  Design  Group 
visited  Fhilco-Ford,  Palo  Alto  to  discuss  in  detail  their  work  on  a 77°K  passive 
radiator.  A summary  of  this  meeting  is  presented  in  Appendix  J.  Subsequently, 
Aerojet  began  a detailed  analysis  of  a radiation  cooler  with  one  radiator  stage 
and  two  sunshades.  This  configuration  is  presented  in  Figure  5 *2. 3-6.  The 
advantages  of  the  two  sunshade  configurations  are : 

a-  , The  inner  sunshade  blocks  a large  portion  of  the  solar  energy 
which  is  diffusely  reflected  from  the  outer  sunshade.  The  system  is  designed 
so  that  direct  solar  irradiation  of  the  inner  sunshade  is  impossible.  There- 
fore, the  need  for  a high  degree  of  specularity  on  the  inner  surface 'of  the 
sunshades  is  reduced.  A coating  the  specularity  of  which  is  as  low  as  90$  would 
be  quite  acceptable  with  the  double  sunshade  design. 

b.  A major  source  of  heat  input  to  a radiator  which  has  a single 
sunshade  is  direct  infrared  radiation  from  the  sunshade.  Because  the  inner 
surface  of  the  sunshade  is  a polished  metal  which  acts  as  a solar  absorber 
(q £ /e  > 3)j  the  sunshade's  temperature  can  get  as  high  as  26l°K.  At  this 
temperature,  approximately  40$  of  the  total  heat  input  to  the  radiator  arrives 
via  direct  radiation  from  the  sunshade.  With  a double- sunshade  design,  this 
heat  input  can  be  reduced  significantly.  The  inner  sunshade  can  have  its  own 
radiator  to  cool  it.  The  inner  sunshade  is  designed  to  block  IR  radiation  from 
the  warm  outer  sunshade.  Therefore,  the  total  heat  input  to  the  radiator  is 
reduced  significantly.  With  this  design,  a maximum  radiator  temperature  as 
low  as  100 °K  can  be  achieved.  However,  there  was  a volume  design  constraint 
imposed  by  the  ATS  Program  Office  that  precluded  use  of  this  design.  This 
constraint  stated  that  the  portion  of  the  radiation  cooler  assembly  that  extended 
outside  of  the  package  must  entirely  fit  within  the  envelope  presented  in 
Figure  5*2.3-^-  When  this  constraint  was  placed  on  the  double  sunshade  configura- 
tion all  of  its  advantages  disappeared.  The  height  of  the  inner  sunshade 

i & 

became  so  small  that  its  benefits  were  negligible.  This  design  when  placed  in 
the  allowable  volume  had  a maximum  detector  temperature  of  ll4°K.  This  led  to 
the  investigation  of  a radiator  design  that  was  based  on  the  concept  of  a 
single-radiator  stage  and  a single  sunshade. 

I 

Figure  5*2. 3-7  presents  a schematic  of  the  final  configuration 
analyzed  - the  single-stage  radiator  with  one  sunshade.  A detailed  drawing  of 
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this  design  is  shorn  in  Section  5 *2.3' 4. 1.3-3*  There  are  many  design  variables 
which  can  be  altered  to  achieve  an  optimum  design.  Some  of  these  variables 
include : 

• Sunshades  size  and  shape 

• Type  and  location  of  thermal  control  coatings 

• Position  of  the  LO  optics 

• Type  of  supports  for  the  radiator  and  sunshade 

The  results  of  the  analyses  performed  in  each  of  the  above-mentioned  areas 
will  be  discussed  briefly  below: 

5*2. 3-2. 2 Sunshade  Geometry 

The  purpose  of  the  sunshade  is  to  prevent  solar  energy  from 
impinging  on  the  surface  of  the  radiator.  It  is  also  to  prevent  thermal  energy 
(either  reflected  solar  or  emitted  infrared)  coming  from  the  ATS  solar  panels 
and  antenna  from  impinging  on  the  radiator.  It  was  determined  quite  early  in 
this  effort  that  the  optimum  shape  for  the  radiator  would  be  a surface  of 
revolution.  It  was  believed  that  this  design  could  be  more  readily  fabricated 
than  one  that  employed  flat  plates,  or  that  had  corners,  which  could  possibly 
act  as  radiation  traps.  In  addition,  an  analysis  of  the  orbit  plane,  altitude, 
and  satellite  dynamics  indicated  that  a surface  of  revolution  would  be  pre- 
ferred due  to  symmetry.  The  first  shape  considered  was  a conical  sunshade . 
Figure  5 *2. 3-8  presents  the  two  limiting  design  approaches  for  a sunshade  of 
this  type.  In  Shade  A,  the  meridional  solar  ray  is  reflected  back  on  itself. 

In  Shade  B,  this  ray  is  reflected  horizontally.  This  latter  design  will  have 
a smaller  envelope  than  the  one  presented  as  Shade  A. 

A detailed  heat  balance  of  the  radiation  cooler  with  the  two- 
bounce  sunshade  presented  in  Figure  5. 2. 3-8  indicated  that  49$  of  the  total 
energy  transferred  to  the  radiator  arrived  via  infrared  radiation  from  the 
sunshade.  It  was  obvious  that  there  were  three  ways  to  reduce  this  heat  input: 

e Lower  the  emittance  of  the  sunshade  coating 

• Lower  the  temperature  of  the  sunshade  : 

• Reduce  the  emitting  area  of  the  sunshade 
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The  first  two  items  will  be  discussed  in  a later  section  of  this 
report ; the  third  item,  reducing  the  emitting  area,  which  bears  directly  on 
the  sunshade's  size,  shape,  and  contour  will  be  dealt  with  here.  When  con- 
sidering the  requirements  for  the  sunshade,  it  is  obvious  from  a thermal  design 
standpoint. that  the  full  frustuki  of  a right  circular  cone  is  not  needed.  As  a 
minimum,  the  cone  could  be  scarfed,  as  shown  in  Figure  5*2»3“9a,  to  reduce  the 
radiation  area.-  However,  even  this  design  can  be  improved  upon,  since  there 
remains  a significant  amount  of  area  that  can  be  removed  and  still  meet  the 
requirements  imposed  on  the  sunshade.  Aerojet  thermal  design  personnel  wrote  a 
computer  program  to  determine  the  shape  of  a conical  sunshade  which  had  minimal 
surface  area.  That  design  is  presented  in  Figure  5*2.3-9b.  Analytically,  this 
design  was  far  superior  to  the  full-cone  design,  since  its  radiator  temperature 
remained  within  the  range  of  95°K  to  108°K,  while  the  full  cone  had  a radia- 
tor the  temperature  of  which  was  in  the  range  of  98°K  to  ll4°K.  Because  of  the 
aforementioned  volume  constraints  placed  on  the  radiator  assembly  by  the  ATS 
Contractor,  the  conical  sunshade  could  not  be  designed  to  meet  the  requirement 
of  successful  performance  when  the  spacecraft  was  slewed  j_10°.  The  previously 
discussed  conical  sunshades  were  designed  to  function  when  the  slew  angle  of 
the  ATS  was  +1°.  This  was  a serious  disadvantage  with  the  conical  design.  Its 
principal  advantage  was  that  manufacturing  facilities  are  more  familiar  with 
constructing  conical  surfaces  of  revolution  than  other  surfaces.  One  exception 
to  this  rule  was  the  shaped  conical  sunshade.  The  polishing  of  such  a sunshade 
would  have  been  extremely  difficult.  Further  analysis  of  the  sunshade,  aimed 
at  finding  the  shape  that  would  provide  optimum  performance,  led  to  the  pro- 
posed design.  A detailed  discussion  of  the  wineglass  sunshade  is  presented  in 
a subsequent  section  of  this  report . 

5. 2- 3-2. 3 Thermal  Control  Coatings 

A detailed  coating  investigation  was  conducted  to  determine  the 
optimum  coating  for  the  inside  surface  of  the  sunshade.  The  requirements  for 
the  coating  were  that  it  be  highly  specular  (y  > 9 8$),  have  a low  total 
hemispherical  emittance  (e  <0.05)  and  a bow  solar  absorptance  (a  < 0.16). 

The  coatings  investigated  include  gold,  silver,  enhanced  silver,  and  aluminum. 
Of  these  coatings,  aluminum  was  selected  because  it  met  all  of  the  above 
criteria  and  test  and  flight  data  on  this  coating's  behavior  in  the  natural 
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environment  of  a synchronous  satellite  far  exceeded  the  data  available  for  the 
other  coatings.  Documents  referred  to  in  this  literature  search  included 
References  5*2.3-13  through  -24.  Table  5*2*3“1  presents  values  of  solar 
absorptance  and  emittance  for  the  candidates.  The  discussion  below  summarizes 
advantages  and  disadvantages  associated  with  each  candidate: 

Gold 

Gold  coatings  have  been  used  extensively  on  space  vehicles.  The 
coatirig  is  extremely  stable  and,  when  placed  on  a properly  prepared  substrate , 
will  provide  the  required  specularity.  However,  a review  of  Table  5- 2. 3-1  will 
indicate  that  the  solar  absorptance  of  this  coating  exceeds  that  of  any  of  the 
remaining  candidates  and,  indeed,  is  out  of  the  specified  range.  Therefore, 
gold  was  dropped  as  a candidate. 

Silver 

From  a review  of  Table  5* 2. 3-1,  it  is  evident  that,  next  to 

enhanced  silver,  pure  silver  is  the  second  choice  for  the  sunshade  coating. 

However,  silver  quickly  tarnishes,  and  the  values  of  a and  e for  the  degraded 

s 

coating  are  unacceptable . 

Enhanced  Silver 

The  most  attractive  coating  from  the  standpoint  of  a and  e is 

s 

enhanced  silver.  However,  there  is  no  data  on  how  this  coating  will  perform 
in  the  space  environment  of  a geosynchronous  satellite.  Because  the  radiator 
must  maintain  the  temperature  of  the  mixer  detector  at,  or  near,  100°K  for  a 
minimum  of  2 years,  the  stability  and  reliability  of  the  thermal  control 
coating  must  be  not  only  well  understood  but  also  high.  There  is  insufficient 
data  on  enhanced  silver  to  allow  one  to  select  it  as  the  prime  candidate 
coating  for  use  on  the  LCE.  An  extensive  combined-effects  test  program  would 
have  to  be  conducted  before  this  coating  could  be  recommended  for  use  in  the 
design  of  the  LCE.  This  test  program  would  require  at  least  4 months  of 
actual  test  time  and  at  least  $100,000.  If  this  coating  were  used  instead  of 
aluminum  (the  prime  candidate)  in  the  proposed  design,  then  the  radiator’s 
temperature  would  be  in  the  range  of  96°to  110°K  rather  than  98°to  ll6°K. 
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Aluminum 

The  prime  candidate  for  the  coating  on  the  inside  of  the  sunshade  is 
aluminum.  Details  on  the  application  procedure  are  outlined  in  a subsequent 
section  of  this  report.  The  aluminum  cannot  be  covered  with  either  a MgF  or 
an  SiO  protective  coating,  since  these  coatings  will  increase  the  emittance 
(e)  beyond  acceptable  limits.  Therefore,  the  sunshade  cannot  be  readily  cleaned 
if  water  or  volatiles  condense  on  the  coating.  The  only  cleaning  that  can  be 
done  is  to  remove  particulate  contamination  by  blowing  dry  air  or  nitrogen  gas 
across  the  surface. 

To  lower  the  temperature  of  the  sunshade,  a decision  had  to  be 
made  on  what  thermal  coatings  should  be  used  and  where  they  should  be  applied. 

It  was  obvious  that  the  temperature  control  coatings  would  consist  of  a combina- 
tion of  multi-layer  or  super insulation,  and  second-surface  mirrors.  For  the 
first  iteration,  second-surface  mirrors  were  placed  over  the  entire  outside 
surface  of  the  sunshade.  This  proved  unattractive  for  at  least  the  following 
two  reasons : 

e The  sunshade's  external  surface  would  have  to  be  multi- 
faceted, since  second-surface  mirrors  can  only  be  mounted 
on  a flat  surface.  This  would  increase  the  weight,  manu- ■ 
facturing  complexity,  and  cost  of  the  sunshade 

• The  IR  exchange  between  the  north  wall  of  the  ATS  and  the 
sunshade  was  excessive  when  this  design  was  considered. 

Because  of  this  high  heat  input  to  the  sunshade,  its 
temperature  was  excessively  high 

The  second  and  final  design  for  the  thermal  control  coating  scheme 
for  the  exterior  of  the  sunshade  uses  superinsulation  to  isolate  the  sunshade 
from  the  ATS  and  the  LCE.  A radiator  flange  or  lip  is  placed  at  the  outer 
edge  of  the  sunshade.  This  flange  is  covered  with  second-surface  mirrors. 

These  mirrors  are  extremely  stable  in  space  and  they  have  the  required  thermo- 
physical properties:  low  solar  absorptanee  (o!  < 0.06)  and  high  infrared 

emittance  (e  > 0.77)* 

Further  details  on  the  thermal  control  system  of  the  proposed 
design  are  presented  in  a subsequent  section  of  this  report. 


i 
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5*2. 3*2. 4 Position  of  Local-Oscillator  Imaging  Optics 

Of  critical  concern  early  in  the  design  of  the  radiator  was  the 
question  bf  whether 'or  not  to  support  the  local-oscillator  (LG)  imaging  optics 
on  the  radiator.  The  answer  to  this  question  was,  of  course,  tied  quite  closely 
to  the  problem  of  detector  alignment  and  radiator  support.  There  were  obvious 
advantages  to  mounting  the  imaging  optics  on  the  radiator,  including:  . 

• The  requirements  for  alignment  of  the  detector  relative  to 
the  LO  beam  would  be  alleviated.  With  this  design,  the 
optics  would  be  fixed  relative  to  the  detector  and  any  move- 
ment of  the  radiator  would  move  the  detector /optics  combina- 
tion through  a collimated  beam  from  the  LO.  This  beam  would 
be  of  sufficient  diameter  so  that  it  filled  the  optics 
aperture  at  all  times 

• Because  the  optics  and  detector  were  mounted  closely  together 
the  ability  to  position  these  elements  relative  to  one 
another  would  be  facilitated 

However,  there  were  important  disadvantages  which  more  than 
counterbalanced  the  above  advantages.  Two  principal  disadvantages  of  mounting 
the  imaging  optics  on  the  radiator  are  increased  heat  load  and  the  impact  on 
support  design.  The  heat  load  cannot  be  held  to  manageable  levels  with  warm 
imaging  optics.  Even  with  a cold  lens,  an  additional  10  mw  of  radiant  input 
to  the  lens  from  the  surrounding  warm  surfaces  can  be  expected.  This  is  a 
substantial  fraction  of  the  130-mw  total  being  dissipated  by  the  radiator  and 
would  result  in  a 2°K  increase  in  radiator  temperature . 

T cf  mount  the  imaging  lens  from  the  radiator  requires  it  to  be 
cantilevered  off  of  the  detect or /mixer  mount.  This  increases  the  moments  at 
the  radiator  supports  during  launch,  and  requires  a more  massive  support 
mechanism,  resulting  in  higher  heat  loads  to  the  radiator  during  initial 
cooldown . 

To  make  a final  decision  on  whether  or  not  to  support  the  optics 
from  the  radiator,  a detailed  review  was  made  of  the  alignment  requirements. 

A description  of  the  -positional-  tolerances  to  be  employed  during  the  design  of 
the  detector-mixer  and  its  imaging  optics  are  given  in  the  requirements,  in 
Section  5 *2. 3*1* 
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With  this  information,,  the  decision  was  made  to  mount  the  imaging 
optics  separately  from  the  radiator.  This  decision  was  based  on  calculations 
of  expected  movements  of  detector/mixer  and  imaging  optics,  and  of  allowable 
positional  tolerances  to  ensure  acceptable  focus . 

5-2. 3*2. 5 Radiator  and  Sunshade  Supports 

The  trade  study  to  determine  the  optimum  support  scheme  for  the 
radiator  and  sunshade  is  still  in  progress.  A discussion  of  this  effort  is 
provided  in  Section  5*3*3-l  of  this  report.  Of  primary  concern  with  this 
design  is  the  fact  that  it  is  highly  desirable  to  mount  the  sunshade  and 
radiator  separately.  All  of  the  systems  presently  under  consideration  at 
Aerojet  allow  the  removal  and  installation  of  the  sunshade  without  disturbing 
the  radiator's  alignment.  Because  of  the  size  of  the  LCE  transceiver,  and  the 
size  of  the  installation  port  of  the  ATS  Spacecraft,  it  would  be  impossible  to 
install  the  LCE  while  the  sunshade  was  mounted.  If  the  radiator  was  attached 
to  the  sunshade,  then  the  entire  assembly  would  have  to  be  removed  prior  to 
mating  the  LCE  with  the  ATS-  The  radiator /sunshade  would  then  have  to  be 
accurately  aligned  with  the  LCE  on  the  spacecraft.  This  would  be  extremely 
difficult,  if  not  impossible,  since  it  would  require  that  the  detector  be 
cooled  to  operating  temperature  and  that  the  signal  output  level  from  the 
detector  be  used  as  a measure  of  alignment.  It  is  much  more  attractive  to 
align  the  detector  to  the  optical  system  at  Aerojet  and  not  alter  it  subse- 
quently. 

An  additional  advantage  of  a design  which  allows  mounting  the 
sunshade  and  radiator  separately  is  that,  once  the  electrical  connections 
between  the  preamplifier  and  detector,  temperature  sensor,  and  its  electronics, 
etc.,  have  been  made  and  checked  out,  they  need  never  be  broken.  Mounting  the 
radiator  to  the  sunshade  would  force  the  disconnection  of  the  electrical 
connections  each  time  the  radiator  assembly  was  removed. 

5*2. 3*3  Computer  Programs  Utilized  in  the  Analysis 

Two  computer  programs  are  available  at  Aerojet  to  perform  the 
thermal  analysis  of  the  LCE  radiator /sun shade : the  Monte  Carlo  program,  and 

the  steady-state  program. 
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5 . 2 . 3 • 5 • 1 Montte  Cprlo  Program 

Monte  Carlo  is  a technique  by  which  radiant  shape  factors  from  one 
surface  to  another  can  he  determined  and  interreflections  between  a group  of 
surfaces  can  he  calculated.  It  is  the  most  powerful  tool  available  for 
accurately  simulating  a problem  involving  radiant,  exchange  between  several 
surfaces  and  space . 

The  technique  consists  of  choosing  one  surface  as  an  emitter. 

Prom  points  on  this  surface , rays  are  emitted.  Each  ray  is  followed  through 
the  system  to  determine  which  surface  it  strikes  first.  The  ray  is  then  either 
reflected  back  into  the  system  or  absorbed,  depending  upon  the  reflectance  of 
the  surface.  Continuing  in  this  way,  each  ray  is  followed  through  the  system 
until  it  is  finally  absorbed.  Specific  points  and  directions  of  emission  or 
reflection,  and  the  absorption  or  reflection  of  a ray  are  determined  by  the 
selection  of  random  numbers  weighted  by  the  properties  of  the  surface  involved . 

A computer  program  exists  at  Aerojet  to  accomplish  this  calculation, 
and, the  final  output  of  the  program  is  a list  of  blackbody  shape  factors  from 
the  emitter  to  every  other  surface,  as  well  as  absorption  factors  for  each 
surface . Options  to  the  program  allow  both  specular  and  diffuse  surfaces  to 
be  used,  provide  biasing  advantages  to  speed  the  computations,  and  give  the 
capability  of  incorporating  rotating  surfaces . 

Another  important  option  provides  a means  of  determining  solar 
shape  factors  to  each  surface  by  introducing  an  artificial  sun.  The  l/2° 
divergence  angle  for  the  sun's  rays  can  be  included,  so  that  it  is  not  necessary 
to  assume  that  the  sun  is  a point  source. 

This  program  is  used  as  a preliminary  step  to  calculations  in  orbit. 
It.  is  an  important  first  step  in  the  analysis  because  with  it,  an  accurate 
representation  of  reflected  and  interreflected  external,  as  well  as  self- 
emitted  energy,  is  possible.  The  effects  of  spectral  surfaces  can  be  included, 
as  well  as  partial  diffuseness  of  primarily  specular  surfaces.  With  the  small 
loads  and  low  temperature  involved  in  the  proposed  passive  radiator,  small 
increases  in  energy  flow  can  result  in  large  errors  in  predicted  radiator 
temperature,  thus  making  the  Monte  Carlo  determination  of  radiant  interchange 
factors  essential.  ; 
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The  Monte  Carlo  program  was  developed  in-house  with  Aerojet  funds 
and  is  considered  to  be  a unique  proprietary  tool. 

5-2. 3. 3. 2 Steady -State  Program  ( 503S  ) 

This  program  evaluates  the  steady- state  temperature  and  heat  fluxes 
for  a thermal  network  consisting  of  isothermal  nodes.  The  Gaussian  reduction 
solution  technique  (matrix  triangulation)  is  employed  for  the  simultaneous 
equation  solution.  This  program  handles  heat  flow  via  conduction,  radiation, 
convection,  and  mass  transfer,  along  with  external  and  internal  heat  genera- 
tion. 

5.2.3-^'  Proposed  Design 

5-2.3*^*l  Preliminary  Mechanical  Design 

5*2.3*^-.l.l  Radiator  Design 

The  radiator  is  a 6.4- in.-dia  circular  plate  covered  with  back- 
surface  mirrors.  This  is  the  largest  size  radiator  which,  when  combined  with 
the  required  sunshade,  fits  within  the  available  envelope. 


Back-surface  mirrors  cover  the  radiator  surface  to  provide  a low- 
sol  ar-absorptance  ( Oi  < .06),  high -infrared -emit tance  (e  > 0.8)  surface.  This 
minimizes  the  amount  of  solar  energy  which  is  diffusely  reflected  from  the 
sunshade  and  absorbed  on  the  radiator,  while  still  maintaining  the  high  heat- 
radiating  properties  needed  for  an  efficient  radiator. 

The  detector/mixer  subassembly  is  mounted  at  the  center  of  the 

i 

radiator . 


5*2. 3*4. 1.2  AIL  Interface 

A boss  at  the  center  of  the  radiator  provides  the  mounting  surface 
for  the  detect or/mixer  subassembly.  Surface  finish  and  flatness  of  the  mating 
surfaces  are  important  to  minimize  the  temperature  difference  across  the  joint. 


Two  major  sources  of  heat  input  to  the  subassembly  are  conduction 

t? 

along  the  coaxial  lead  and  radiation  from  the  local-oscillator  beam.  Lead 

<* 

conduction  is  minimized  by  proper  selection  of  lead  material  and  length.  Beam 
radiation  is  minimized  by  coating  the  germanium  window  to  admit  energy  only  in 
a narrow  bandpass  centered  at  i0.6  microns  and  by  reflecting  a major  part  of 
the  energy  that  enters  the  detector  housing  back  out  the  window. 
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5.2.3 Sunshade  Design  \ 

A sunshade  is  required  around  the  radiator  because  the  radiator  is 
on  the  north  face  of  a satellite  in  a geo- synchronous  equatorial  orbit  (Figure 
5.2.3-IO).  Its  position  on  the  spacecraft  is  shown  in  Figure  5. 2. 3-11  (this 
a copy  of  G.E.  Dwg.  SK- 56177-102 ) . Sunlight  directly  illuminates  the  north 
£ace  from  the  vernal  to  the  autumnal  equinox.  Even  though  the  solar  absorptance 
of  the  radiator  is  low,  radiator  temperatures  in  the  100  to  125°K  region  are 
impossible  without  shading. 

The  shade  also  protects  the  radiator,  from  a direct  view  of  the 
satellite  antenna  and  solar  panel,  since  these  are  warm  surfaces  and  diffuse 
reflectors  of  solar  energy. 

A truncated  ogive,  or  "wineglass,"  shape  was  chosen  for  the  sun- 
shade. It  provides  maximum  shading  for  minimum  size  and  weight.  The  internal 
surface  is  highly  specular  to  minimize  diffuse  solar  reflection  toward  the 
radiator.  The  shield  is  thermally  isolated  from  other  satellite  structures 
to  enable  it  to  be  as  cold  as  possible,  thus  minimizing  infrared  radiant-heat 
input  to  the  radiator,  which  is  the  largest  single  source  of  heat  to  that 
component . 

Sunshade  temperature  is  controlled  by  a circumferential  radiator 
flange  or  lip  on  the  outer  edge  of  the  sunshade.  This  lip  is  also  covered  with 
back-surface  mirrors  identical  to  those  used  on  the  radiator. 

The  sunshade  is  shown  in  Figure  5. 2. 3-12* 

' » 

5. 2-3*4. 1.4  Support  Design 

The  support  -mechanisms  for  both  the  radiator  and  sunshade  are 
designed  to  provide  good  thermal  isolation  in  orbit  when  these  components  have 
cooled,  while  providing  good  mechanical  support  during  launch  when  they  are 
still  warm.  The  same  type  of  support  is  used  for  both  components.  They  are 
shown  in  Figure  5 *2. 3-2. 

Basically,  the  orbit  support  consists  of  three  spring-loaded  balls 
resting  in  hardened  steel  sockets . This  provides  a minimum  number  of  support 
points  and  minimum  contact  area  at  each  point . 
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The  launch  support  ; consists  of  circumferential  contact  around  the 
outer  edges  of  the  radiator  anc.  sunshade.  In  orbit,  the  radiator  and  sunshade 
cool  and  contract  away  from  the  supporting  members,  breaking  their  contact. 

5*2. 3. 4. 2 Assembly 

A principal  advantage  of  the  Aerojet  radiator/sunshade  design  is 
the  result  of  the  feature  of  having' the  sunshade  a separate  component  from  the 
radiator.  The  entire  experiment  package  can  be  assembled,  aligned,  and  tested 
without  the  sunshade.  Because  of  the  critical  nature  of  the  sunshade  surface, 
it  must  be  protected.  The  Aerojet  design  allows  it  to  be  treated  as  a separate 
item  until  final  integration  with  the  ATS  spacecraft . 

5*2. 3*4. 3 Integration 

' The  LCE  package  will  be  integrated  with  the  ATS  spacecraft  in  the 

following  manner.  The  assembled  package,  without  the  sunshade,  will  be 
inserted  into  its  berth  in  the  ATS  EVM  and  bolted  into  place.  After  alignment 
adjustments  have  been  made,  the  sunshade  will  be  assembled  into  place  on  the 
LCE.  The  protective  covering  over  the  sunshade  need  not  be  removed  until  this 
final  integration  operation. 

5. 2. 3. 4. 4 Sunshade  Shape 

The  size  of  the  sunshade  is  determined  by  the  diameter  of  the 
radiator;  by  the  subtended  angles  to  the  highest  point  on  the  solar  panel,  and 
to  the  highest  sun  position  (assuming  the  sun  to  be  directly  opposite  the 
antenna/solar  panel);  and  by  the  sunshade's  interior  shape.  The  radiator 
diameter  (6.4  in.)  is  the  greatest  diameter  that  will  allow  the  sunshade/ 
radiator  combination  to  fit  in  the  required  space  volume.  This  volume  is 
constrained  by  the  following  requirements: 

• The  radiator  assembly  must  remain  clear  of  the  ATS/f-G-  solar 
panel  launch  support  adapter 

f 

• It  must  not  extend  beyond  the  size  of  the  LCE  box's  north 
face,  20  inches  x 22  inches  (Figure  5 «2. 3-4  defines  the 
volume  within  which  the  radiator  assembly  must  be  contained ) 

The  subtend  angle  for  the  sun’s  worst  position  is  23*5°  at  summer  solstice, 
plus  a 1Q°  slew  angle  tyhich  ttye  ATS/F-G  could  make;  therefore,  a total  angle  of 
33. 5°  is  required.  The  larger  subtended  angle  made  between  the  solar  panel 
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and  the  antenna  is  obviously  tjie  solar  panel  (Figure  5. 20-11).  This  angle  is 

• ^ 

determined  by  the  dimensions  given  in  the  G.E.  drawing;  the  angle  was  found  to 
be  51. 30.  . 

A primary  consideration  in  regard  to  the  sunshade  shape  is  the 
ability  to  manufacture  the  desired  shape.  With  this  in  mind,  it  was  decided 
to  tilt  the  radiator/sunshade  so  that  the  sunshade  could  be  a simple  surface 
of  revolution  (Figure  5*2. 3-12)*  For  a symmetrical  sunshade,  the  difference 
of  [l80°  - (510  + 33*5)]  must  be  bisected  to  determine  the  tilt  angle.  Thus, 
the  radiator  plus  shade  must  be  silted  8.90  (Figure  5-20-13). 

With  the  radiator  tilted  8.9°  and  the  center  located  on  the  optical 
axis,  extreme  rays  to  the  sun  and  to  the  solar  panel's  uppermost  point  are 
shown  in  Figure  5*2.3-14.  The  shape  of  the  inner  surface  of  the  sunshade  is 
then  drawn,  and  the  intersection  of  the  extreme  rays  and  the  sunshade  inner 
surface  defines  the  height  of  the  sunshade  and  its  largest  inner  diameter. 

As  stated  earlier,  the  "wineglass”  shape  was  chosen  because  it 
has  the  smallest  weight  and  volume.  Theoretically,  the  wineglass  shape  works 
in  the  following  manner  (Figure  5. 20-15):  all  solar  energy  impinging  on  the 

interior  surface  at  angle  equal  to  42.4°  (the  extreme  ray  angle)  will  be 
reflected  specularly  to  a point  at  the  radiator's  lower  edge,  diametrically 
opposite  the  illuminated  portion  of  the  sunshade.  However,  to  prevent  a local 
hot  spot  in  the  shade,  the  curvature  of  the  wineglass  was  altered  to  focus 
energy  to  a point  several  inches  beyond  the  radiator's  lower  edge,  in  the 
radiator  plane.  The  energy  reflected  from  this  focused  zone  on  the  sunshade 
interior  is  then  be  reflected  directly  to  space. 

To  define  the  wineglass  shape,  the  following  formulas  are  employed: 
f Ay  = -l/2A6  (Figure  5-2.3-16) 


, y = (X  + 2R)  tan  6 

or 

y + Ay  = (X  + AX  + 2R ) tan  (ft  + AS  ) 
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Solving  for  A/  gives: 


A/  ~ - 


Y + Af 
X + AX  + 2R 


- tan 


-1 


X + 2R 


This  expression  can  he  solved  by  finite  differences  from  initial  values  for  X 

c 

Yq.  A tabulated  list  of  points  are  presented  in  Table  5. 2. 3-2.  Since  it  is 
costly  and  difficult  to  machine  and  lap  the  surface  described  above , it  "was 
decided  to  replace  the  exact  wineglass  shape  with  a circular  arc  which  would 
go  through  Xq,  Yq  and  X^  Y1  (Figure  5-2.3-16)  and  have  the  same  slope  at 
Yq  as  the  wineglass.  (Note  the  critical  area  for  curvature  is  the  first 
few  inches  of  height  above  the  radiator.) 

Such  a calculation  was  performed  and  led  to  the  following  results: 

X1  « -21.781  in. 

YT  e 8.507  in. 

R = 23084  in. 


where  X(  and  Y'  are  the  center  of  the  circular  arc  as  measured  from  the 
coordinate  system  presented  In  Figure  5.2.3-16. 


The  area  of  the  "wineglass"  sunshade  was  determined  by  area 
integration  (refer  to  Figure  5.2-3-17). 


A = 


2 it  0 

//; 


R (Rsin  0 - X ) d0  d© 


where 


A = area,  in. 2 

R ss  radius  of  curvature  for  ogival  surface,  in. 

9 5=  polar  angle,  radians 
0 = azimuth  angle,  radians 

XQ  = distance  of  center  line  from  center  of  ogival  curvature,  in 
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Substituting 


R = 2306  in. 


X = 18.58  in. 
o 

ft  = 69° 

02  = 8?.l° 


an  area  = 198  in.  is  obtained.  This  was  required  Tor  the  radiation  inter- 
change analyses  whifch  are  described  in  following  sections. 


5. 2. 3. 5 


Radiator  1 Analysis 


All  radiation  interchange  factors  (B.  .)  to  the  environment  from 
the  radiator  and  sunshade  in  the  solar  wavelength  region  and  infrared  wavelength 
region  were  determined  by  the  Monte  Carlo  radiant  interchange  computer  program 
used  in  conjunction  with  an  IBM  360/65  computer.  (B. . factor  represents  the 
fraction  of  radiant;  energy  leaving  surface  I that  is  absorbed  on  surface  J, 
and  it  accounts  for  shading  of  one  surface  by  another,  both  specular  and 
diffuse  interreflections,  surface  emittance  characteristics,  and  the  geometry 
of  the  problem.)  The  radiator  was  represented  by  a dish,  the  sunshade  by  a 
cone  (because  the  wineglass  shape  is  so  shallow  a cone  is  a good  approximation), 
the  sunshade  radiator  flange  or  lip  by  a disk,  the  antenna  by  a spherical  cap, 
and  the  solar  panel  by  a quadrilateral.  The  antenna  was  considered  as  an 
opaque  surface  in  all  Monte  Carlo  computer  cases.  Radiometric  properties  for 
the  solar  panel  and  antenna  are  presented  in  Table  5«2.3~3*  The  antenna  and 
solar  panel  of  the  spacecraft  were  oriented  in  the  computer  program,  as  shown 
in  Figure  5*2-3-H*  The  radiator  and  sunshade  were  tilted  8.9°  away  from  the 
antenna  solar  panel,  as  yould  be  the  case  in  the  flight  item. 

In  order  to  accurately  evaluate  the  amount  of  diffusely  reflected 

solar  energy  from  the  sunshade  interior  to  the  radiator,  the  following  approach 

was  taken  (the  Monte  Carlo  computer  program  was  used  in  this  analysis).  The 

shade  was  considered  to  be  a diffuse  body.  The  thermophysical  properties  of 

the  coatings  in  the  solar  spectrum  were  used  for  both  surfaces.  The  B..  . was 

obtained  between  the  sunshade  interior  and  the  radiator.  This  B. . was  then 

ij 

psed  in  the  following  formula: 
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where 


^RS  55  S/D  ^ " °s^  \ FSI  b)  B 


ij 


Q^g  = diffusely  reflected  solar  energy,  watts 

S = solar  constant,  0.14  watts/cm^ 

7^  = diffuse  reflection  fraction,  0.01 

o:^  - sunshade  interior  solar  absorptance,  0.1 

= total  sunshade  interior  area,  1283  cm^ 

FgiCy)  = solar  shape  factor  (i.e.,  projected  to  total  area  ratio) 
as  a function  of  orbit  position  (p)  (see  Table  5*2-3“4)* 
For  p = l80°,  F (p)  = 0.301 

B. . = radiant  interchange  factor  (0.00695) 

*•  J 

Substitution  of  the  above  values  yields : 


= 3.4  milliwatts 


Note:  Tiie  solar  intensity  (S)  was  reduced  by  25 for  the  orbit  angles  (p) 

of  0°  ' and  30°,  because  the  antenna  blocks  the  sun.  The  sun  is  blocked 
by  the  antenna  for  angles  from’ 0°  to  approximately  47*2°  on  either  side 
of  the  sub  solar  point,. 


Reflected  solar  energy  from  the  antenna  and  solar  panel  absorbed  by 

the  radiator  was  determined  through  the  use  of  the  Monte  Carlo  computer  program 

The  solar  panel  and  antenna  were  assumed  to  be  diffuse  reflectors  of  solar 

synergy.  To  facilitate  the  efficient  use  of  this  computer  program,  rays  were 

emitted  diffusely  from  the  radiator  to  the  environment.  The  computer  program 

gives  the  radiant  interchange  coefficient  (B  ) from  the  radiator  to  the  other 

J 

system  elements.  Reciprocity  was  then  used  to  obtain  the  B.  . from  the  antenna, 

■ J 

or  solar  panel,  to  the  radiator.  As  an  example  consider  the  antenna: 


a . B.  . A.  = , a . B . . A. 
si  xj  x l sj  j x j 
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where 


cc  . = solar  absorptance  of  the  radiator  = 0.06 


si 

B.  . 

1J- 


A. 

l 

a . 

sj 

B . . 
Ji 


A , 
J 


radiant  interchange  coefficient  from  the  radiator  to 
the  antenna  = 0.00015 

p 

total  area  of  radiator  = 207  cm 
solar  absorptance  of  antenna  =0.4 

radiant  interchange  coefficient  from  the  antenna  to  the 
radiator 


= total  area  of  antenna  = 7*14  x 10 5 


cm 


Substitution  into  above  formula  yields 

B = O.65  x 10“T 

This  result  was  then  used  in  the  following  formula  to  find  the  heat  rate  to 
the  radiator 


where 


Q - s'  (Ap)  (1  - a.)  n 


Q,  = heat  rate  absorbed  by  the  radiator 

S = solar  constant  = 0.l4  watts/cnf" 

A^  = projected  area  of  antenna  at  0°  orbital  position 

1-a  = reflected  energy  percentage  = 0.6 
s i 

B ^ = radiant  interchange  factor  = O.65  x 10  ^ 

Q = fraction  of  absorbing  area  of  antenna  =0.23 

Substitution  in  above  formula  yields 


6-57  x 105cm2 


Q,  = 0*9  milliwatts 
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Calculation  of  reflected  solar  energy  from  the  solar  panel  was  performed  in 
a similar  manner.  Reflected  solar  energy  is  0.07  mw  for  the  spacecraft /earth 
position  (p)  of  l80°.  Both  of  these  values  were  assumed  to  he  a constant 
(although  they  vary. with  orbit  position)  because  they  are  so  small. 

Infrared  energy  exchange  between  the  radiator  and  the  antenna, 
solar  panel  and  sunshade  were  determined  by  the  following  formula: 


where 


Q = V <Ta 


) 


Q,  = net  heat  exchange  between  surfaces  (watts) 
N _ - radiation  coefficients  (watts/°K^) 

= antenna  temperature  (°K) 

Tq  = radiator  temperature  (°K) 


Defining  N.  . 

X J 


N,  . = aA.  e * B.  . 

xj  1 1 1J 

2 2 

A =. radiator  area  (cm  ) (207  cm1") 

= radiator  emissivity  (see  Table  5*2. 3-3) 


B.  . 


- radiant  interchange  coefficient  determined  by  Monte  Carlo 
computer  program 


2 4 

o = Stefan-Boltzmann  constant  (watts/cm  °K  ) 
(.373  x 10"11  watts/cm20^) 


Radiation  coefficients  were  first  calculated,  and  then  the  heat  exchange  between 
bodies  ‘was  determined  in  the  orbit  analysis.  A typical  calculation  for  the 
radiation  coefficient  between  ^he  radiator  and  the  sunshade  is: 


H.  . = (-573  x 10'1;L)(20T)(.77)(.0207) 

"I"  J 

N = 1.891  x 10-11  watts/°K^ 
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A similar  calculation  was  performed  for  the  antenna  and  solar  panel  infrared 
exchange . 

The  antenna  and  solar  panel  are  two  heat-transfer  boundary  condi- 
tions upon  which  some  assumptions  were  made  as  to  properties  and  temperatures, 
since  this  information  was  not  available  at  the  time  of  the  analysis.  Radio- 
metric  properties  for  the  solar  panel  and  antenna  are  presented  in- Table 
5. 2. 3-3*  A simple  heat  balance  was  performed  separately  on  the  solar  panel  and 
antenna  for  different  positions  in  orbit.  Both  spacecraft  (s/c)  parts  were 
assumed  to  be  isothermal  and  unaffected  by  the  earth  viewing  module  or  each 
other.  The  temperature  histories  of  both  s/c  parts  are  presented  in  Table 
5 *2.3-5.  Blockage  of  the  solar  energy  by  the  antenna  was  assumed  to  be  25$  j 
in  other  words,  75$  of  the  sun’s  energy  is  transmitted  through  the  antenna. 

Detector  bias  power  is  3 mw. 

Total  absorbed  local  oscillator  power  was  assumed  to  be  20  mw.  The 
rest  of  the  incoming  85  milliwatts  of  local  oscillator  is  reflected  outside  the 
germanium  window  by  a reflecting  conic  surface  (Figure  5-2.3-18).  Details  of 
the  detector  housing  interface  are  shown  in  Figure  5.2.3-19.  The  cone  angle 
(1+3 -9° );  shown  in  Figure  5 *2. 3-18 , will  reflect  the  incoming  local  oscillator 
beam  (f/number  = 26)  across  the  active  face  of  the  detector  to  the  diametrically 
opposite  side  of  the  cone,  and  then  out  of  the  system.  The  conic  surface  must 
have  a low  emissivity  (e.g.,  gold  e < .03)  and  must  be  highly  specular  (7  > .98). 
30$  of  the  local  oscillator  beam  (25  mw)  which  is  incident  on  the  detector  is 
absorbed.  The  other  17*5  mw  is  reflected  diffusely;  of  this  reflected  energy 
10  mw  is  absorbed  in  the  housing  and  the  rest  reflected  out.  The  smaller 
diameter  edge  of  the  reflecting  cone  should  be  as  close  to  the  active  portion 
of  the  detector  as  is  possible  (within  0.0005")*  The  height  and  larger 
diameter  are  determined  by  the  cone  angle  and  the  f/number  of  the  local  oscil- 
lator beam. 

The  mounting  surface  between  the  detector  assembly  and  the  radiator 
will  have  a 16  microinch  finish  and  a flatness  of  0.002  inches  TIR.  Temperature  • 
drop  across  the  joint  is  expected  to  be  1°C  or  less  for  the  expected  bolt 
torque  s . 
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In  the  calculation  of  IR  energy  coming  through  the  germanium  -window, 
it  was  assumed  that  all  energy  after  getting  through  would  be  absorbed.  It  was 
assumed  that  the  window  would  also  act  as  a bandpass  filter  and  allow  only  the 
10. 6p  energy  +1.0)i  to  pass  through.  The  filter  will  reject  energy  from  2\i  to 
40|a  except  for  the  bandpass.  The  total  energy  absorbed  is.  2 mw. 

Conduction  of  energy  down  the  detector  wire  was  calculated  based 
on  the  following  wire  dimensions: 


A thermal  conductivity  (k ) of  10  Btu/hr-ft-°F  was  used  for  stainless  steel; 
for  Teflon,  a value  k = 0.12  Btu/hr-ft-°F  was  used.'  Total  heat  flow  through 
the  wire,  assuming  a 200 °K  temperature  difference  and  a length  of  12  in.,  was 
20.6  mw. 

A resistance- type  temperature  sensor  will  be  mounted  near  the 
detector  housing  to  monitor  the  housing's  temperature.  The  heat  leak  down 
the  two  thermistor  lead  wires  was  calculated  to  be  approximately  1 milliwatt. 
This  calculation  assumed  a lead-wire  length  of  3 in.,  a wire  outer  diameter 
..of  4 mils,  and  that  the  wire's  material  was  stainless  steel  (thermal 
conductivity  = 10  Btu/hr-ft-°R ). 

Heat  flow  to  the  radiator  through  the  mounting  support  had  to  be 
considered  at  two  different  times  during  the  radiator's  lifetime:  first, 

during  orbit  acquisition,  and  second,  during  the  orbit  period.  During  orbit 
acquisition,  the  heat  flow  through  the  support  must  be  reduced  to  allow  the 
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radiator  and  the  sunshade  to  cool  down  sufficiently  in  order  to  provide 
separation.  A,  method  which  will  provide  adequate  support  during  launch  and 
yet  permit  the  radiator  and  sunshield  to  cool  down  is  shown  in  Figure  5. 2. 3-2. 
This  simple  means  of  minimizing  heat  flow  is  to  reduce  the  contact  area  between 
the  support  and  radiatoi  or  sunshade . 

Serrations  of  the  softer  metal  [i.e.,  the  radiator  (magnesium)  or 
the  sunshade  (aluminum)] , compared  with  serrations  of  the  load  support  material 
(beryllium ),  is  preferred  by  the  Aerojet  Structural  Design  Group. 

In  order  to  get  the  minimum  area  in  contact,  the  worst  spacecraft 
orientation  was  assumed  (i-e.,  with  the  sun  looking  normal  to  the  radiator). 

A heat  balance  was  performed  on  the  radiator  and  sunshade  in  conjunction  with 
the  information  presented  in  Figure  5*2.3-20  to  obtain  the  contact  area  per- 
centage. (interpretation  of  Figure  5. 2. 3-20  is  as  follows  - consider  the 
radiator  as  an  example:  for  the  radiator  and  support  initially  at  350C,  the 

radiator  must  cool  to  13. 6°C  in  order  to  relieve  the  preload  and  have  a 
separation  gap  of  0. 0005  inches.)  Heat  balance  equations  for  the  radiator  and 
sunshade  are : 

Radiator:  + - \k)  + (Tb  - = KR.Q  (TRt 

Sunshade:  + ^ + hA^  - Tg  ) = Mg_0  (t/)  + NS.R  (Tg4  - TRt 

Where 

= direct  solar  energy  absorbed  by  radiator  (1-74  watts) 

= reflected  solar  energy  reflected  by  interior  of  sunshield 
absorbed  by  radiator  (I.52  watts) 

N„  a = radiation  coefficient  from  radiator  to  sunshade  (1.9  x 10“ 11 
R_S  watts/°K*) 

- radiation  coefficient  from  radiator  to- space  (8. 94  x lO”-1-1 
watts/°K^) 

Sisi  “ d^ect  solar  energy  on  inside  of  sunshade  which  bounces 
once  to  radiator  (3*09  watts) 

Q^gl  - direct  solar  on  inside  of  sunshade  which  bounces  twice  or 
more  to  radiator  (0.917  watts) 
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direct  solar  energy  on  sunshade  radiator  (6. 32. watts) 

radiation  coefficient  from  shield  to  space;  combines  inside 
surface  and  radiator  flange  (3*^7  x 10-9  watts/0]!*') 

same  as  ^ above 
n-b 

contact  coefficient  (0.1l4  watts/cm^°K) 
total  contact  area  (5 4.6  cm^) 
fraction  of  contact  area  of  radiator 
fraction  of  contact  area  of  sunshade 
support  temperature  (303°K,  see  Figure  5* 2.3-20) 
sunshade  temperature  (287 *3°^/  see  Figure  3 -2. 3-20 ) 
radiator  temperature  (287°Kj  see  Figure  5 .2-3-20) 

This  balance  assumes  that  heat  flow  through  low- conductance  spring  ball  sup- 
ports, heat  flow  through  the  superinsulation  blankets,  local  oscillator  heat 
dissipation,  heat  conduction  through  the  coaxial  cable  and  temperature  sensor 
wire,  and  infrared  and  reflected  solar  energy  from  the  antenna  and  solar  panel 
are  all  small  in  comparison  to  the  above  and  can  be  neglected.  A steady-state 
solution  was  assumed  because  of  the  small  time  constants. 

Th^  above  values  were  then  subtituted  into  the  heat-balance  equa- 
tions. These  equations  were  solved  simultaneously  by  iteration  until  the 
solution  for  and  Tjg  converged - 

The  results  are  that  the  minimum  area  percent  for  the  radiator  is 
2-1°}  while  for  the  sunshade,  it  is  10$;  or  in  terms  of  the  width  of  serration, 
the  following  fomula  can  be  used : 


N 


S-0 


N. 


S-R 
h = 

A = 
c 

^ = 
’b  = 
Ts  = 
tr  = 


T|A^  = 2 NWL 
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where 


1]  = area  fraction  in  contact 

^ - total  area,  in.^  (the  total  contact  area  for  the  radiator 

or  sunshade  is  8.75  for  two  support  surfaces  consisting 

of  a 0.125  chamfer) 

2 = number  of  mating  surfaces 

N = number  of  serrations  (let  N = 3 i*e*>  one  every  10°) 

W - width  of  serration  (in.  - to  be  calculated) 

L = length  of  serration  (L  = O.I76  in.) 


For  the  radiator 


Therefore 


For  the  sunshade, 


Therefore 


T]  - 0.02 


0.02  (8.75)  - 2(36)(W)(0.176) 
¥ = O.OI38  ^ 0.014  in. 

* I 

T[  = 0.10 

W = 0.070  in. 


The , serrations  can  be  offset  by  5°  between  the  two  contact  surfaces  of  either 
the  radiator  or  sunshade. 

During  the  orbit  period,  structural  support  will  be  provided  by 
three  stainless  steel  balls  and  springs  (as  shown  in  Figure  5*2. 3-2).  The 
socket  for  the  balls  will  be  serrated  to  provide  a good  thermal  resistance. 
They  and  their  mating  surfaces  must  be  very  hard  in  order  to  minimize  contact 
area.  The  conductance  through  the  three- ball  supports  was  calculated,  using 
the  following  formulas : 
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where 


and 


where 


C = 3 C, 
o ^ 1 

= overall  conductance  (watts/°K) 

= conductance  for  one  ball  support . (watts /°K) 


C_  = conductance  for  support  on  one  side  of  a ball  (watts/°K) 

JJ 

Therefore 


CB  = 3hA 

where 

h as  contact  coefficient  (assume  ' .0821  watts/cm^°K) 

A = contact  area  for  one  of  3 support  pads  (cm2) 

but 

p ■ a 2 

. , itd  *(5«8  x 10“^)  -,^-6  2 

A a -jj—  = — ^ ^ ■ — = 268  X 10  cm 

' . ’ C_  = 3(8.21  x 10"2)(268  x 10“6) 

D 

C_,  = .663  X 10'^  watts/°K 

a 

or 

4 CQ  = 1 x 10“^  watts/°K 

Heat  flow  through  this  type  of  support  based  on  a conductance  of  0.0001 
watts/°K  and  a temperature  difference  of  l80°K  is  18  mw  of  thermal  energy. 

Preliminary  structural  analyses  have  been  performed  to  verily  that 
the  radiator /sunshade  system  meets  the  flight  requirements.  The  primary 
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structural  requirement  is  that  the  detect or /mixer  alignment  must  be  retained 
during  orbital  operation.  The  preliminary  analysis  is  based  on  the  temperature 
variations  of  the  spacecraft  and  experiment  (20°C  = 15°C)  which  result  in 
stresses  greater  than  those  resulting  from  the  launch  environment.  Also,  these 
stresses  are  lower  than  the  micro  yield  strength  ( 1-microinch  offset  yield 
strength)  of  the  material  which  will  preclude  permanent  deformation  of  the 
radiator  and,  thus,  the  detector/mixer  alignment.  Further  analysis  will  be 
required  to  determine  whether  the  three-point  retention  of  the  radiator  is 
sufficient  for  the  detector /mixer  to  remain  in  alignment.  It  is  anticipated 
that  there  will  be  no  problems  because  the  operational  loads  are  of  considerably 
lesser  magnitude.  Details  of  the  preliminary  analyses  are  included  in  Appendix 
H. 

Preliminary  structural  calculations  have  indicated  that  a natural 
frequency  of  the  radiation  cooler  will  be  within  the  range  of  3^0  +50  Hz,  and 
that  there  is  a potential  amplification  factor  on  the  order  of  5*  In  light 
of  this,  the  engineering  vibration  tests  will  be  performed  on  the  mixer  assembly 
during  development  to  the  levels  presented  in  NASA  Specification  S-320-ATS-2B, 
with  the  following  exception: 

The  qualification  sinusoidal  vibration  spectrum  should 
be  increased  to  60  g acceleration  between  100  and  200 
Hz,  and  to  25  g acceleration  between  200  and  400  Hz 
(see  Figure  5*2.3-2l). 

Note  that  the  magnified  effect  of  the  sinusoidal  vibration  will  be 
transmitted  to  the  mixer  assembly,  mounted  on  the  radiator,  only  if  the 
spacecraft  structure  has  an  equivalent  resonant  frequency.  It  is  believed  that 
this  is  unlikely,  but  when  the  resonant  frequency  has  been  more  closely  determined, 
the  information  will  be  transmitted  to  NASA  so  that  the  spacecraft  effect  can 
be  analyzed  in  depth  to  validate  this.  If  the  detailed  analyses  results  in 
other  modifications  of  the  vibrational  amplification  transmitted  to  the  mixer 
assembly,  the  vibration  test  exception  noted  above  will  be  adjusted. 

In  addition,  potential  methods  of  damping  the  resonant  frequency 
during  launch  are  being  investigated. 

i • ! 

Heat  conducted  through  the  superinsulation  blanket  between  the 
radiator  and  the  S/C  heat  sink  was  calculated  based  on  an  in-situ  effective 
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thermal  conductivity  (X  “ 2 x 10  ^ But/hr-ft-°R.  Laboratory  values  for 
= 2 x 10"  5 Btu/hr-ft-°F;  however , the  effectiveness  of  the  blanket  was 
decreased  by  a factor  of  10  in  order  to  account  for  blanket  imperfections  and 
radiation  seals.  A.T-in.  effective  diameter  was  assumed  for  the  blanket  and  a 
temperature  difference  across  the  blanket  of  200 °EC  was  also  assumed.  The  result 
is  a 6-raw  heat  load  on  the  radiator. 

5. 2. 3 *6  Sunshade  Analysis 

The  exterior  surface  of  the  sunshade  (Figure  5*2*3-13)  Is  covered 
with  a l/4- in.  blanket  (i.e.,  15  to  20  layers)  of  superinsulation  (l/4-mil 
aluminized  Mylar).  The  purpose  of  this  blanket  is  to  reduce  the  radiation 
effects  of  the  spacecraft  and  of  the  sun.  The  outer  layer  of  the  blanket  will 
be  a 6-mil  layer  of  aluminized  Teflon  (Teflon  side  facing  outward).  This 
outer  layer  will  act  as  a second- surface  mirror  (i.e.,  a mirror  with  low  solar 
absorptance  and  high  infrared  emittance)  to  reduce  outer-surface  blanket 
temperatures,  and  to  protect  the  inner  layers  of  the  blanket  from  the  degrading 
effects  of  the  space  environment . (Teflon  has  excellent  outgassing  character- 
istics and  it  is  very  stable  in  space.)  Heat  input  to  the  shade,  through  the 
insulation  blanket,  was  calculated  for  an  in-situ  blanket  with  an  effective 
conductivity  of  (k  ) - 2 x 10~^  Btu/hr-ft2-°F;  a total  surface  area  of 

£ 1 I 

I.63  ft  , and  a temperature  difference  of  240°R.  Heat  input  to  the  sunshade  is 
20  mw. 

A high  thermal  resistance  between  the  support  and  the  sunshade  is 
desired  so  that  the  sunshade rs  temperature  is  minimized.  The  support  scheme 
for  the  sunshade  is  the  same  as  for  the  radiator.  Conductance  values  are  the 
same  (l  x 10~^  watts'/°K),  because  the  same  size  support  is  used.  The  heat  load 
to  the  sunshade  via  the  supports  is  expected  to  be  12  mw  for  a 120°K  temperature 
difference . 

■ The  sunshade's  structural  material  is  606I-T65I  aluminum.  Aluminum 
(k  = 99  Btu/hr-ft-°R ) was  chosen  for  the  following  reasons:  (l)  it  has  a high 

strength  to  weight  ratio;  (2)  it  is  readily  available;  (3)  it  has  a high  thermal 
conductivity;  (4)  electroless  nickel  can  be  readily  applied  to  it;  (refer  to 
following  explanation  on  coating  finish);  (5)  it  is  low  cost;  (6)  it  can  be 
machined  readily;  and  (?)  it  has^  a high  thermal  coefficient  of  expansion.  The 
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sunshade  interior  coating  must  be  very  specular;  it  must  have  a low  solar 
absorptance  and  a low  infrared  emittance . One  such  coating  is  vapor-deposited 
aluminum  on  a electroless  nickel  substrate.  Electroless  nickel  was  chosen 
because  it  is  a very  hard  metal  which  can  be  polished  to  the  desired  surface 
finish. 

Discussions  with  Aerojet's  Optical  Coating  Laboratory,  the  Aerojet 
Optical  Design  Group  and  Aerojet  Manufacturing  that,  for  an  ensured  high 
degree  of  specularity  in  the  visible  range,  an  internal  surface  ought  to  be 
ground  and  polished  to  a 60-40  scratch  and  dig  tolerance  (per  AGC-STD-2040 ); 
no  grayness  or  stain  should  be  visible. 

Tlie  vapor-deposited  aluminum  coating  which  is  applied  to  the 
interior  surface  of  shade,  will  meet  the  following  requirements: 

• Vapor  deposition  pressure  will  be  < 10  ^ Torr 

o 

• Deposition  rate  will  be  greater  than  1000  A per  sec, 

600  to  1000  A thick 

• Aluminum  will  be  applied  in  a single  pass;  aluminum  purity 
to  be  > 99*99 °l> 

• Vapor  incidence  angle  will  be  < 30° 

• The  coating  will  be  continuous  with  a bright,  lustrous  finish 
and  a uniform,  mirror-like  specular  appearance.  The  coating 
will  be  essentially  free  from  yellow  or  blue  discoloration, 
with  no  visible  change  in  color . The  coating  will  be  free 
from  streaks,  windows,  pinholes,  blisters  or  other  defects 

(A  necessary  piece  of  information  for  manufacturing  is  the  waviness 
requirement  for  the  inside  surface  of  the  sunshade.  This  information  was 
obtained  through  the  following  argument-  "What  deviation  from  the  circular  arc 
can  the  surface  make  so  as  to  reflect  the  incoming  rays  (at  the  extreme  ray 
angle)  to  the  radiator  edge,  rather  than  some  distance  above  the  radiator? 

A simple  geometrical  calculation  established  the  waviness  height  to  be 
< 0.002  in.  per  any  1.0-in.  movement  along  the  23*3S4-in.  radius  circular  arc. 

The  "wineglass"  shape  for  the  sunshade  is  designed  to  reflect  all 
the  solar  energy  impinging  on  the  internal  surface  to  an  area  approximately 
1.3  in*  fii  diameter  diametrically  opposite  the  illuminated  interior ,. and 
approximately  1 in',  to  1-5  in-  above  the  radiator.  A calculation  was  made  to 
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determine  if  localized  heating  on  such  a small  area  could  produce  large 
temperature  gradients  in  the  sunshade  itself.  The  solar  heating  was  assumed 
to  be  uniformally  distributed  over  a l-in.-dia  area.  Heat  was  assumed  to  be 
conducted  radially  outward  from  this  area.  The  sunshield  thickness  was 
assumed  to  be  0.09  in.  The  material  is  thermal  conductivity  (k ) is  99  Btu/hr- 
ft-°R.  The  temperature  difference  was  calculated  to  be  10°F. 

Reduction  in  the  reflection  of  energy,  from  the  edge  (or  lip)  where 
the  sunshade  interior  joins  the  sunshade  radiator.,  is  accomplished  by  extending 
the  interior  surface  to  the  top  of  the  back  surfaced  mirror  (see  Figure  5*2.3-12 
for  details).  The  top  edge  of  this  extension  is  rounded  to  reduce  its  influence 
on  the  radiator. 

The  total  absorbed  solar  energy  on  the  interior  sunshade  surface 
was  approximated  by  use  of  the  following  formula : 

%s  = n At  Sas 

solar  energy  absorbed  by  interior  of  sunshade  (watts ) 

2 (multiplication  factor  to  account  for  2 bounce  system) 

solar  shape  factor  which  is  a function  of  orbital 
position  (p)  (Table  5.2-3 -6) 

total  area  of  the  interior  of  sunshade  (cm2)  - 1283  cm2 
solar  constant  (watts/cm2)  = 0.1*4-  watts/cm2 
solar  absorptance  of  sunshade  =0.1 

The  solar  shape  factor  is  the  ratio  of  projected  area  to  total  area  for  the 
interior  of  the  sunshade.  The  solar  shape  factor  was  determined  for  seven 
orbital  positions  (Table  5-2. 3-6)  for  the  tilted  sunshade.  The  Monte  Carlo 
Radiant  Interchange  Computer  Program  was  used  to  determine  these  values . The 
solar  intensity  (s)  was  reduce*"!  by  25 1°  for  the  orbit  angles  (p ) of  0°  and  ^>0° , 
because  the  antenna  blocks  the  sun. 


where 

Ss = 

n = 

F>>  = 
Aj  = 

» ' s = 

a = 
s 
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Reflected  solar  energy  from  the  antenna  and  solar  panel  absorbed 
by  the  sunshade  Interior  -was  also  determined  through  the  use  of  the  Monte  Carlo 
computer  program.  Calculations  were  performed  in  the  same  manner  as  for  the 
radiator . 

Reflected  solar  energy  to  the  sunshade  interior  is:  Q = 0.033 

watts  from  the  antenna,  and  Q = O.OO63  watts  from  the  solar  panel.  Again, 
these  values  were  held  constant  since  they  were  so  small. 

The  amount  of  direct  solar  energy  absorbed  by  the  sunshade  radiator 
as  a function  of  orbit  position  is  presented  in  Table  5. 2. 3-7.  Reflected  solar 
energy  from  the  spacecraft  EVM  is  zero,  because  the  sunshade  radiator  does  not 
see  it. 

Reflected  solar  energy  from  the  antenna  is  0.0346  watts,  while 
from  the  solar  panel,  it  is  0.0054  watts. 

5- 3- 2. 6.1  Temperature  Analysis  For  Sun  Normal  to  Radiator 

Temperatures  were  calculated  for  the  radiator  and  sunshade  when 
the  sun  rays  are  normal  to  the  radiator  (divergence  of  the  sun's  rays  was 
neglected).  These  temperatures  are  a result  of  the  heat  balance  on  both  the 
radiator  and  sunshade.  Heat  balance  equations  for  the  radiator  and  sunshade 
are: 

Radiator:  0^+0^  + NR_S  ( T !fl4  - TR4)  = HR_0  ( TRk ) 

Sunshade:  + + = Hg_0  (T^)  + Ug.R  (T^  - VRk) 

where 

= direct  solar  energy  absorbed  by  radiator,  1.74  watts 

= solar  energy  reflected  by  interior  of  sunshade 
absorbed  by  radiator,  1. 52  watts 

= radiation  coefficient  from  radiator  to  sunshade, 

K'D  1.9  x 10-H-  watts/°K5 

Np  n = radiation  coefficient  from  radiator  to  space,  8.94  x 
watts/°K^ 

S)SI  = dlrect  soiar  energy  on  inside  of  sunshade  which  bounces 
’ once'  to  radiator,  3*09  watts 
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direct  solar  on  inside  of  sunshade  which  bounces  twice  or 
more  to  radiator,  0-917  watts 

direct  solar  energy  on  sunshade  radiator,  6.32  watts 

NS-0  “ ra(3-iation  coefficient  from  shade  to  space;  combines 

inside  surface  and  radiator  flange,  3. 47  x 10“ 9 watts/°K^ 

- same  as  g,  above 

Tills  balatice  assumes  that  heat  flow  through  low- conductance,  spring -ball 
supports,  heat  flow  through  the  super  insulation  blankets,''  local  oscillator 
heat  inputs *,  conduction  through  coaxial  cable  and  temperature  sensor  wires, 
infrared  and  reflected  solar  energy  from  antenna  and  solar  panel  are  all  small 
and  can  be  neglected.  A steady-state  solution  was  assumed  because  of  the 
small  time  constants. 

The  above  values  were  then  substituted  into  the  heat  balance 
equations.  These  equations  were  solved  simultaneously  by  iteration  until  a 
solution  for  the  temperatures  converged.  The  results  indicate  that  the  maximum 
radiator  temperature  is  245°K  and  the  maximum  sunshade  temperature  is  256°K. 

At  these  temperatures,  the  radiator  and  sunshade  will  not  expand  enough  to 
make  contact  with  the  beryllium  support . 

5*2. 3-6-2  Sunshield/Radiator  Orbit  Analysis 

In  order  to  determine  the  sunshade  radiator  width,  temperature 
histories  of  the  sun shade /radiator  combination  were  made  parametrically. 

A plot  (shown  in  Figure  5 *2. 3-3)  was  made  of  the  maximum  and  minimum  radiator 
temperatures  at  the  summer  and  winter  solstices  vs  sunshade  radiator  lip  width. 
The  3 -iu.  width  was  chosen  because  it  is  also  the  maximum  size  lip  that  will 
fit  in  the  allotted  volume . 

An  orbit  analysis  was  performed  on  the  r ad i at or/s unshade  combination 
for  two  times  of  the  year:  summer  solstice  and  winter  solstice.  These  times 

of  year  were  chosen  because  they  represent  warmest  and  coldest  orbital 
inclinations . The  temperatures  and,  thereby,  the  heat  loads  were  approximately 
determined  by  a steady-state  analysis  for  each  point  in  orbit  utilizing  the 
steady-state  computer  program  in  conjunction  with  the  IBM  360/65  computer. 
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This  assumption  is  justifiable  because  of  the  low  thermal  masses  and  low  rates 
of  change.  The  spacecraft  temperature  was  kept  constant  at  300°K*  Temperature 
results  were  obtained  for  the  0°  to  l80°  orbit  positions. 

Temperature  history  results  for  the  radiator  and  sunshade  at  summer 
and  winter  solstice  are  presented  in  Figures  5*2. 3-1  and  -22,  respectively. 

In  addition,  heat  flow  summary  tables  (Tables  5*2. 3-8  and  5*2. 3-9)  for  the 
radiator  and  sunshade  are  presented  for  the  l80°  orbital  position.  This  posi- 
tion was  chosen  because  the  solar  loads  to  sunshade  and  radiator  are  the 
largest.  These  tables  allow  a comparison  of  the  heat  loads  on  the  radiator 
arid  sunshade . 

3-2. 3*7  Tests  to  be  Conducted 

In  order  to  ensure  that  the  design  of  the  radiator/sunshade  will 
work  and  the  validity  of  the  assumptions  are  verified,  several  tests  are  to 
be  conducted  to  eliminate  areas  of  uncertainty.  These  tests  are; 

1.  Determine  radiator  and  sunshade  three  ball  support  con- 
ductance (Section  5*3*3*l) 

2.  Verify  that  the  sunshield  and  radiator  will  contract  away 
from  the  support  (Section  5*3*3 *l) 

3*  Determine  effective  conductivity  of  super insulation  blanket 
for  radiator  (Section  5 *3 ‘3*1 ) 

4*  Ensure  that  the  detector  remains  in  the  required  position 
tolerances  (Section  5 *3 *3 -2) 

5*  Determine  the  temperature  drop  across  the  detector  housing/ 
radiator  interface  (Section  5 *3 *3 *2)  . 

6.  Verify  the  sunshade  interior  contour  and  specularity 
(Section  5.3.3. 3) 

i t t 

7*  * Determine  the  radiometric  properties  of  the  thermal  control 

coatings  and  router  wrap  of  sunshade  blanket  used  to  regulate 
the  heat  transfer  of  the  subassemblies  (Section  5. 3. 3. 4) 
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TABLE  3.2. 3-1 

TYPICAL  THERMAL  CONTROL  COATING  RADIOMETRIC  PROPERTIES 

Total 


Thermal  Control  Coating 

Absorptance  (03  ^ 

Hemispherical 
Emittance  (e)^‘ 

Vapor  Deposited  Gold 

0.20  +0.02 

0.03  +0.02 

Vapor  Deposited  Silver 

0.05  +0.02 

0.03  +0.02 

Enhanced  Vapor  Deposited 
Silver 

~ .04 

0X3  +0.02 

Back  Surface  Mirror 

0.06  +0.01 

0.80  +0.02 

Vapor  Deposited  Aluminum 

0.12  +0.G2W' 

0.03  +0.02 

(1)  o:  dependent  upon  metal  film,  substrate  finish  and  deposition  parameters. 

b , 

(2)  Eittittance  varies  -with  dielectric  thickness.  Normal  emittance  lower  than 
•total  hemispherical. 

(3)  A low  value  of  0.10  obtained  for  an  optically  lapped  surface. 
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Note : R 


TABLE  5-2-3-2 


POINTS  TO  DESCRIBE  "WINE  GLASS"  SHAPE 


I 

H-3 

0 

FIGURE  5.2.3-16  FOR 

COORDINATE  SYSTEM  ORIGIN 

X 

5.000000E-02 

Y 

1.282436E-01 

X 

= 

9.999996E-02 

Y 

2.592216E-01 

X 

= 

I.L99999E-OI 

Y 

=5 

3.930657E-01 

X 

= 

I.999999E-OI 

Y 

= 

5.299185E-01 

X 

= 

2.49999QE-01 

Y 

=S 

6.699351E-01 

X 

= 

2.999998E-01 

Y 

=s 

8.132840E-01 

X 

= 

3.L99997E-OI 

Y 

= 

9.601490E-01 

X 

3-99999TE-01 

Y 

=x 

1.11073IE+00 

X 

— 

4.L99996E-OI 

Y 

= 

1.26 52 53E  400 

X 

ss 

4.999996E-OI 

Y 

ss 

1.42395TE+00 

X 

= 

5.499995E-01 

Y 

= 

1 . 587H6E+OO 

X 

= 

5.999995E-OI 

Y 

= 

1.755028E+00 

X 

= 

6. 49999% -01 

Y 

= 

1.928031E+00 

X 

— 

6-99999%-  01 

Y 

= 

2.106502E+00 

X 

'ss 

7.499993E-01 

Y 

= 

2.290866E+00 

X 

= 

T-999993E-01 

Y 

= 

2.48l607E+00 

X 

— 

8.499992E-OI 

Y 

ss 

2.679278E+00 

X 

= 

8.999992E-OI 

Y 

SS. 

2.884517E+00 

X 

= 

9-499991E-01 

Y 

= 

3. 09806  5E  400 

X 

= 

9-99999XE-01 

Y 

- 

3.32079IE+CO 

X 

St 

I.049998E+OO 

Y 

= 

3.553T26E4O0 

X 

= 

1-099997E+00 

Y 

— 

3. 798 10 7E +00 

X 

= 

1.14-9996E+00 

Y 

= 

4.055440E+00 

X 

3= 

1. 19999 5E+00 

Y 

= 

4.327592E+00 

X 

=3 

1. 24999 5E+00 

Y 

ss 

4.616916E+OO 

X 

= 

1.299994E+00 

Y 

— 

4.926453E4O0 

X 

= 

1 . 349993E+OO 

Y 

ss 

5.260249E+00 

X 

— 

1.399992E+00 

Y 

- 

5.623876E-KX) 

X 

1.449992E+00 

Y 

ss 

6.0253T9E+00 

X 

= 

1.499991E+00 

Y 

ss 

6.477099E+00 

X 

ss 

1 . 54999OE+OO 

Y 

ss 

6.999675E+OO 

- X 

= 

1 . 599989E+OO 

Y 

= 

7. 63240 8e +00 

X 

SB 

1 . 64998 9E+00 

Y 

= 

8.468520E+00 

X 

= 

1 .699988E+00 

Y 

= 

9.862215E+00 

= 4.$  inches  - this  defocuses  the  reflected  sun's  energy. 
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TAB  IE  3. P.3-3 

RADIOMETRIC  PROPERTIES  OF  THERMAL  CONTROL  SURFACES 
WHICH  AFFECT  THE  RAD IATOR /SUNSHADE  DESIGN 


Surface  Coating 

Solar 

• Absorptance 

(aB) 

Hemispherical 

Emittance 

. C«.L  . 

Specular 
Component  of 
Reflection-Solar 
Wavelength 
Spectrum 

Specular 
Component  of 
Reflection-IR 
Wavelength 
Spectrum 

Back  Surface 
Mirrors 
(Radiator  and 
Sundhade 
Radiator ) 

0.06 

07^(2) 

0.95 

0.0 

Vapor  Deposited 
Aluminum*  ^ ' 
(Sunshade 
Interior ) 

0.10 

0.03 

O.98 

O.98 

Solar  Cells 
(Solar  Panel) 

0-71 

0.81 

0.0 

0.0 

Wire  Mesh 
(Antenna ) 

0.b3) 

0.4(5) 

0.0 

0.0 

White  Paint 
(Worth  Face  EVM) 

0.21 

O.85 

0.0 

0.0 

(1)  Includes  gaps  in  mirrors. 

(2)  At  100°K;  0.80  at  ambient. 

(3)  Assumed  values. 

(4)  Applied  to  an  optically  lapped  surface. 
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TAB  IE  3. 2. 3-4 

SOLAR  SHAPE  FACTOR  .AND  DIFFUSELY  REFLECTED  SOLAR  ENERGY 
ABSORBED  ON  THE  RADIATOR  VS  ORBITAL  POSITION 


(deg) 

FSI 

(watts) 

0 

0.100 

0.0008^5 

30 

0.110 

0.000931 

60 

0.156 

0.001? 6 

90 

0.211 

0.00238 

120 

0.256 

0.00288 

150 

0.300 

O.OO338 

180 

0.301 

0.00339 

orbital  position  (see  Figure  5*2. 3-10). 

(p)  - solar  shape  factor  for  sunshade  interior. 

- diffusely  reflected  solar  energy  absorbed  on  the  radiator. 
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TABLE  5. 2. 5-5  - ' 

'TEMPERATURE  OF  ANTENNA  AND  SOLAR  PANEL 
FOR  VARIOUS  POSITIONS  IN  ORBIT  - SOISTICE 


p 

(deg) 

Antenna 

Temperature 

(°K) 

Solar  Panel 
Temperature 

(°K) 

0 

555 

272 

50 

545 

272 

60 

299 

255 

90 

182 

< 

212 

120 

299 

256 

150 

545 

289 

180 

555 

506 

p - orbital  position  as  defined  in  Figure  2. 5-10 
Assumptions: 

(1)  Isothermal  antenna  and  solar  panel. 

(2)  No  influence  from  spacecraft,  EVM  or  each  other. 
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TABLE  5. 2. >6 


SUNSHADE 

SOLAR  SHAPE 

FACTOR  SIMMER 

SOLSTICE  ORBIT 

. deg 

Fs(p) 

watts 

p,  deg 

Fs(p) 

) watts 

0 

0.100 

2.70 

120 

0.256 

9.20 

50 

0.110 

2.98 

150 

0.300 

10.80 

60 

0.156  ’ 

3.62 

180 

0.301 

10.84 

90 

0.211 

7.60 

■ ' TABLE  5.2.3-T 

RADIATOR  SOLAR  SHAPE  FACTOR  SUMMER  SOISTICE  ORBIT 


s>>  &es 

Fs(p> 

. Q,  watts 

p>  des 

Fs(p) 

Q,  watti 

0 

0.191 

1.42 

120 

0.520 

• 3-85 

30 

0.220 

I.63 

150 

0.600 

4.45 

60 

0-301 

2.23 

180 

0.630 

4.66 

90 

0.410 

2.94 

Tables  5*2. 5-6  and  5. 2. 3- 7 
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TABLE)  $.2.3-8 

RADIATOR  HEAT  LOADS  AT  l80°  ORBITAL  POSITION 
SUMMEiR  SOIBTICE 

Heat  Source Heat  Load  (milliwatts  ) 

Reflected  Solar  from  Sunshade  3*39 

Reflected  Solar  from  Antenna  0.9 

Reflected  Solar  from  Solar  Panel  0.07 

IR  from  Sunshade  77*5 

IR  from  Antenna  2.6 

IR  from  Solar  Panel  0 . 3 

I^R  (Detector  Bias  ) 3 

Local  Oscillator  20 

Conduction  Wire  22 

IR  from  G Window  2.1 

e 

Mounting  Support  • 18.0 

Insulation  Blanket  6.0 

Wires:  Temperature  Sensor  , 2.0 
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TABLE  5. 2. 3-9' 

SUNSHADE  HEAT  LOADS  AT  l80°  ORBITAL  POSITION 
SUMMER  SOISTICE 


. Heat  Source 

Direct  Solar 
Interior 
S/S  Radiator 

Reflected  Solar  .from  Antenna 
Interior 
S/S  Radiator 

Reflected  Solar  from  Solar  Panel 
Interior 
S/S  Radiator 
IR  from  Antenna 
Interior 
S/S  Radiator 
IR  from  Solar  Panel 
Interior 
s/s  Radiator 
Support  Conduction 
Insulation  Blanket 


Heat  Load,  watts 

10.84 

4.66 

O.O53 

0.0346 

O.OO63  • 
0.0054 

0.029 

0.154 

-0.0002 

-0.001 

0.018 

0.020 


Table  5 -2-3-9 


RADIATOR  TEMPERATURE, 


• SUPER  INSULATION  OUTSIDE  SHIELD 

• THREE  INCH  SUNSHIELD  RADIATOR 

• SUNSHIELD  RADIATOR  COATED  WITH 
BACK  SURFACE  MIRRORS 

• "WINEGLASS"  SHAPED  INTERIOR 


SUMMER  SOLSTICE 


-WINTER  SOLSTICE 


ORBIT  POSITION,  DEGREES 


LCE  RADIATOR  TEMPERATURE  HISTORY 
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RADIATOR  TEMPERATURE 


NOTE:.  "WINEGLASS"  SHAPED  INTERIOR  SUPERINSULATION  ON  OUTSIDE  SUN- 
SHADE RADIATOR  FLANGE  COATED  WITH  BACK  SURFACE  MIRRORS. 


FLANGE  WIDTH,  INCHES 


LCE  RADIATOR  TEMPERATURE  VS 
SUNSHADE  RADIATOR  FLANGE  WIDTH 
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/EXTREME  RAY 
TO  SOLAR  PANEL 


STACKED  RADIATOR,  ONE- STAGE  SUNSHADE 


SINGLE  RADIATOR,  SINGLE  SUNSHADE 


Figure  5.20-7 
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CONICAL  SUNSHADE  1-  AND  2-  BOUNCE  CONCEPTS 


Figure'  5- 2. 3-8 


Figure  5 -2. 3 -9 


EXTREME  RAY  / 
TO  SOLAR  / 
PANEL  / 


H 


TWO  METHODS  OF  SCARFING  SUNSHADE 
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Figure  5 *2.3-10 


ATS/F-G  SATELLITE  - EARTH/SUN  ORIENTATION 
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FOLDOUT  FRAME  3 
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INTERPRET  CRAWINQ  PER  MIL-STD-lOO 
ANGULAR  DIMENSION  BETWEEN  SURFACE  'A"  AK-0  Z AXIS 
OF  THE  SPACECRAFT  TO  BE  MEASURABLE  TO  WITHIN  .005" 

THE  STRUCTURAL.  ATTACHMENT  OF  THE  LCC  TO  THE 

Spacecrat  Shall  be  bv  four*))  nas-&54  fastcners 
THE  MECHANICAL  mating  interface.  BETWEEN  SPACECRAFT  £ 

LCE  5HALL  &E  ELECTRICALLY  BONDED  IW  ACCORDANCE  WITH 
The  REQUI REMENT S OF  MIL-B-5087 

DENOTES  APPROXIMATE  CENTER  OF  GRANITY 
WEIGHT  MUST  NOT  EXCEED  fr&D) 

Surface -a-  shall  be  in  direct  phvsical  contact  with  the 
spacecraft  meat  sink.  the  spacecraft  contractor  shall  insure 
that  a CONTACT  CONDUCTANCE  (he)  OF  AT  LEST  IQ.CI  BTU/MR-FT*  -’F 

Exists  between  the  spacecraft  heat  sink  and  each  square  inch 
OF  THE  AREAS  '.HOI  CAT  ED  ON  SURFACE -A*.  A Ijp'OR  better  finish 
ON  SURFACE-*-  t ON  ITS  MATING  SURFACE  IS  REQD  FINISH 

Grain  will  be  parallel  to  the  2 axis  op  spacecraft 
the  lce  will  dissipate  approximately  37  watts  of  electrical 

POWER  THE  MAJOR  PORTION  or  THIS  HEAT  WILL  BE  GENERATED 

directly  above  the  areas  indicated  bv  hidden  lines 

THE  MAXIUM  TEMPERATURE  DIFFERENCE  BETWEEN  THE  WARMEST 

and  the  Coldest  portion  of  the  spacecraft  heat  sink  which 
IS  IN  CONTACT  with  THE  lce  shall  at  all  times  BE  less  Than  VC 
the  nominal  temperature  of  the  heat  sink  shall  be  within 
the  Range  of  zouo’c 

deposition  of  foreign  particles  on  external  thermal  control 
Surfaces  of  the  lcc  shall  not  chance  i by  more  than  ,oi 
AND«f,  by  more  than  .01,  or  mirror  specularity  by  more  THANH 
The  earth  viewing  side  of  the  lce  isopen  to  space,  there  is  no 
filter  over  the  opening  of  the  telescope  to  attenuate  or 

REFLECT  INCIDENT  SOLAR  ENERGY.  THIS  OPENING  WILL  ACT  AS  A 
HEAT  SOURCE  OR  SUNK  FOR  THE  5PACECRAT  DEPENDING  ON  THE  Time  OF 
04  V AND  SEASON  OF  YEAR.  AT  HQ  TIME,  HOWEVER  WILL  THIS  OPENING 
CAUSE  A HEAT  INPUT  TO  THE  SPACECRAFT  GREATER  THAN  HX(4)  WATTS, 

OR  A HEAT  DRAIN  GREATER  THAW  FIVE  (5)  WATTS. 

NO  element  of  spacecraft  will  have  a direct  view  factor  to  surface- d- 

TME  LCE  SHALL  BE  IW  DIRECT  PHYSICAL  CONTACT  WITH  the  SPACECRAFT 
HEAT  SINK  (.QSO  THICK  AL  SKIM)  AkJ0  The  FOURf4)  ATTACHMENT 
FAC. TENIERS  ONLY.  ALL  EXPOSED  SURFACES  OF  THE  LCE  COMPONENTS 
SHALL  HAVE  CMISSlVITlES  OF  O.T  OR  GREATER 
INSTALLATION  CLEARANCE  in  SPACECRAFT  5.50  INCH  MINIMUM 
feORESIGHTING  FIXTURE.  TO  BE  REMOVED  FROM  lCE  AFTER 
60HESIGHTING  15  ACCOMPUSHED 

SUN  SHApE  TO  BE  ATTACHED  AFTER  LCE  IS  INSTALLED  IN  SPACECRAFT 
THE  FOUR  (4)  MOUNTING  SURFACES  ON  THE  SPACECRAFT  ARE  TO 

tt  parallel  with  respect  to  each  other  to  within  ,qos  or  less 
all  interface  holes  on  both  SPACECRAFT  and  LCE  are  to  BE 
LOCATED  BY  AW  AGC  SUPPLIED  TOOL.  THIS  INCLUDES  THE  HOLES 
REQUIRED  TO  TIE  into  THE  SPACECRAFT  h£aT  SINK  AS  WELL  AS  The 
FOUR  (4)  MECHANICAL  TIE  POINTS.  HOLES  TO  BE  OR  RLE  O WHILE. 
STRUCTURE  AND  TOOL  ARE  At  EO'C  i lO’ 

THE  SPACECRAFT  ELECTRICAL  CABLES  CONNECT  Directly  iuto 
RtCEPTACLCS  ON  THE  LCE  BLACK  BOXES.  ALL  CONNECTORS  ARE  IW 
COMPLIANCE  WITH  NASA  SPECIFICATION  GSrCrS-  52S  ■ PlO  APPROVED 
PARTS  LIST  52-0104 

SPACECRAFT  TELESCOPE  APERTURE  PLATE  TO  BE  MOUNTED  IW  THIS  AREA 
INFORMATION  TAK.CN  FROM  GENERAL  ELECTRIC  DOCUMENT 

Dimension  to  be  determined 

SPACECRAFT  t LCE  INTERFACE  BOOT  (tbd) 

THE  MAXIMUM  in- PLANE  load  INTO  SURFACE  -A-  Shall  not  EXCEED 
(TB6)  LBS.  The  LOAD  SHALL  NOT  PRODUCE  A DISPLACEMENT  OF  THE 
LCE  BASEPLATE  COORDINATES  BY  MORE  THAN  YTSO)  INCHES 
the  maximum  out-of-planc  lcao  into  surface  -a- shall  not  exceed 
CTBB)  LBS.  the  LOAD  Shall  NOT  PROOUCE  a deflection  of  the 
LCE  BASEPLATE  FLATNESS  BY  MORE  THAN  .005  INCHES  IN  ANY 
DIRECTION) 

attachment  between  surface  -a-  and  the  spacecraft  heat  sink 

will  BE  BV  6-31  SCREWS.  Th£  NUMBER  OF  SCREWS  TO  TRANSFER 
THE  LCE  heat  OI5SIPATEO  load  will  BE(TBO)  . SCREWS  To  SE 
TORQUE 0 TO  (Tea)  IN.  LBS  the  maximum  udads  iw- plane  and 
OUT-OF-  PLANE  INTRODUCED  INTO  SURFACE  - A-  BY  THE  SPACECRAFT 
HEAT  SINK  DUE  TO  ANY  MEANS  SHALL  WOT  PRODUCE  A 
DEFLECTION  GREATER  Than  ,00  5 INCHES 

MINIMUM  CLEARANCE  WITH  BOOSTER  ADAPTER  STRUT  TBO 


Figure  5*2.3-13 


SOLAR  RAYS  AT  EXTREME  ANGLE 


SCHEMATIC  OF  HOW  "WINEGLASS"  SURFACE  REFLECTS  ENERGY 
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TOP  OF 


Wineglass  Shape 


Figure  5.20-16. 


(Figure  5*2.3-18 


LOCAL  OSCILLATOR  BEAM  PATH 


43.9 


GERMANIUM  WINDOW  (SIZE  TO  BE 
DETERMINED).  THIN  FILM  COATED 
TO  PREVENT  ALL  fR  WAVELENGTHS 
EXCEPT  10.6m  ±1h  TO  PASS  THRU, 
[2h  TO  40P  REJECTION^ 

DETECTOR  HOUSING 


RIGHT  CIRCULAR  CONE  REFLECTOR  SURFACE 
[VAPOR  DEPOSITED  GOLDl  HIGHLY  SPECULAR 
( =*•  98%  ) EMISSIV1TY  (€  ) < .03.  MINIMUM 
DIAMETER  OF  CONE  SHOULD  BE  AS  CLOSE 
TO  UNMASKED  DETECTOR  AREA  AS  POSSIBLE 
(BOTH  RADIALLY  AS  WELL  AS  LONGITUDINALLY) 


ETECTOR 


GENERAL  CONFIGURATION:  RADIATOR  DETECTOR  HOUSING 


Report  No.  4033,  Vol.  I,  Part  1 


Figure  5 *2. 3-19 


5 
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SUPPORT  TEMPERATURE 
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RADIATOR  AND  SUNSH I ELD  TEMPERATURES  VS 
SUPPORT  TEMPERATURE  TO  GET  0.  00D5  INCH  GAP  SEPARATION 


Figure  5.2.3-20 


Figure  5.2.5-21 


RELATIONSHIP  OF  SPACECRAFT,  LCE  DETECTOR  / MIXER, 
SINUSOIDAL  QUALIFICATION  VIBRATION  LEVELS 
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• SUPERJNSULATtON  OUTSIDE  SHIELD 

• THREE-INCH  SUNSHIELD  RADIATOR 

• SUNSHIELD  RADIATOR  COATED  WITH 
BACK  SURFACE  MIRRORS 

• "WINEGLASS"  SHAPED  INTERIOR 
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5-2.4  Optical  Heterodyne  Receiver  Subsystem 

The  Optical  Heterodyne  Receiver  Subsystem  (OHRS)  is  being  designed 
and  will  be  fabricated  by  Airborne  Instrument  Laboratories  at  Melville,  New 
York,  under  subcontract  to  Aerojet-General  Corporation.  The  OHRS  is  made  up  of 
a mixer,  preamplifier,  and  processor.  Functionally,  the  OHRS  is  divided  into 
the  following : , 

• " Video  and  communications  channel 

• Tracking  error  channel 

• Frequency  error  channel 

e Mixer  bias  circuit 

© Acquisition  pulse  channel 

© Acquisition  confirm  channel 

The  acquisition  pulse  and  acquisition  confirm  channels  have  only 
recently  been  added  to  the  AIL  subcontract.  Therefore,  their  design  has  not 
reached  the  same  maturity  as  other' channel  circuitry  described  in  this  report. 

In  addition,  Aerojet  recently  directed  AIL  to  change  the  IF  center  frequency 
from  20  MHz  to  50  MHz.  This  change  was  prompted  by  recent  experimental  results 
which  verified  that:  (a)  sufficiently  wide  laser  operating  line  can  be  reliably 

achieved  to  permit  offset  of  the  local-oscillator  operating  frequency  30  MHz 
below  the  transmitter  operating  frequency  (which  is  at  the  peak  of  the  power- 
frequency  profile);  and,  (b)  (Hg,CD)Te  mixers  exhibit  the  required  frequency 
response  to  operate  efficiently  at  the  30  +6  MHz  frequency  range. 

The  change  to  the  30-MHz  IF  center  frequency  considerably  enhances 
the  system  performance  in  that : 

a.  It  permits  the  design  of  the  filters  which  provide  better 

amplitude  and  phase  linearity  thereby  minimizing  the  distor- 
tion products 

h.  The  limiter  action  provides  considerably  wider  separation 
between  the  IF  spectrum  and  the  second  harmonic  spectrum 
thereby  minimizing  this  source,  of  distortion 

c.  The  wider  IF  bandwidth  permits  higher  peak  frequency  deviation 
(from  2-8.  to  4.0  MHz)  thereby  resulting  in  a higher  post- 
detection peak  signal-to-noise  ratio. 
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In  addition,  .operating  temperature  of  the  mixer  was  changed  from 
100  +5°K  to  110  +15°K  in  order  to  bring  optimized  mixer  performance  into 
alignment  with  the  expected  performance  of  the  radiation  cooler  (see  Section 
J ■ 2 ■ J ) * Concurrently,  the  Noise  Equivalent  Power  (NEP)-was  increased  from 
1 x 10  9 watts/Hz  to  1.6  x 10  ^ watts/Hz  over  the  110  +15°K  range  (with  an 

anticipated  attainable  value  of  1.J5  x 10-19  watts/Hz  and  a design  goal  of  10~19 
watt/Hz).  The  higher  NEF  is  caused  by  degraded,  performance  of  the  mixer  at  the 
highest  temperature  (l25°K)  anticipated  during  certain  orbital  segments. 

However,  when  the  radiation  cooler  (and  mixer)  are  at  the  anticipated  nominal 
temperature  of  110CK,  a receiver  HEP  of  1.15  x 10"19  watts/Hz  is  expected. 

Having  implemented  these  changes  at  the  time  that  this  report  was  - 
being  prepared  caused  a certain  amount  of  data  overlap.  The  initial  subsystem 
delivered  for  breadboard  use  will  have  a 20-MHz  IE,  while  subsequent  delivered 
subsystems  will  have  a 30  MHz  IP. 

9*2-lj-*1  General  Description  of  Optical  Heterodyne  Receiver  Subsystem 

■The  proposed  Optical  Receiver  Subsystem  (OHRS)  (Figure  5.2A-I) 
consists  of:  ; 

a.  An  infrared  mixer  assembly 
, b.  • A preamplifier  assembly 
, c.  Processing  electronics. 

The  incident  signal  and  local  oscillator  laser  signals  are  offset 
by  3C  MHz.  The  two  laser  beams  are  focused  on  a high-sensitivity  infrared 
mixer  element  which  provides  an  IF  output  centered  at  30  MHz. 

Tracking  error  information  will  be  developed,  using  a conical  scan 
with  an  axis  through  the  center  of  the  mixer  element.  If  the  conical  scan  is  not 
centered,  the  OHRS  will  provide  a modulation  of  the  signal  in  which  the  ampli- 
tude and  the  phase  (with  respect  to  a reference)  indicate  the  tracking  error. 

The  cooled  infrared  mixer  connects  to  a housing  adaptor  with 
coaxial  connector  output.  A low-thermal-conductivity  coaxial  line  connects  the 
mixer  output  to  the  room-temperature  IF  preamplifier. 
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The  receiver  provides  basically  six  outputs  consisting  of: 

a.  Video  signals 

b.  Automatic  frequency  control  (AFC ) error  signal 

c.  East /west  tracking  error  signal 

d.  North/south  tracking  error  signal 

e - Acquisition  pulse 

f . Acquisition  confirm  signal. 

Automatic  gain  control  (age)  voltage  and  mixer  bias  current,  which 
will  be  telemetered  to  provide  indication  of  system  operation,  are  not  essen- 
tial outputs . 

It  is  convenient  to  categorize  the  receiver  electronics  for  purposes 
of  discussion  into: 

a.  Video  and  communications  channel 

b.  Tracking-error  channel 

c . Frequency-error  channel 

d • Mixer  bias  control 

e.  Acquisition  pulse  channel 

f.  Acquisition  confirm  channel. 

Hie  communications  channel  consists  of  all  circuits  needed  to  process 
the  video  and  communications  information  in  the  experiment.  It  includes  all 
the  circuits  from  the  IF  preamplifier  to  the  video  buffer  amplifier  (Figure 
5. 2.^-1).  The  communications  information  is,  obtained  by  detecting  the  frequency 
modulation  (FM)  of  the  carrier  in  a wideband  discriminator  and  amplifying  in  a 
video  amplifier.  In  order  to  provide  a receiver  that  can  tolerate  changing 
signal  power  levels  without  seriously  affecting  performance,  the  gain  of  the 
IF  post- amplifier  is  automatically  controlled  by  an  age  detector  and  dc  amplifier 
in  a closed  loop  with  the  IF  post-amplif ier . This  age  arrangement  provides 
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nearly  constant  amplitude  signals  above  the  age  threshold.  A limiter , which 
precedes  the  discriminator,  provides  additional  amplitude  control  and  reduction 
of  amplitude  changes  that  are  faster  than  the  response  of  the  age  circuit 
(200  msec ) . The  IF  preamplifier  (together  with  the  infrared  mixer)  establishes 
the  infrared  receiver  sensitivity.  Various  filters  are  used  to  establish  the 
noise  bandwidth  and  reduce  harmonics  or  other  distortion  components  and  inter- 
ference. An  FM  equalizer  is  used  to  compensate  for  phase  distortion  due  to  the 
nonlinear it ies  oi  components  in  the  receiver  subsystem. 

The  tracking-error  channel  consists  of  circuits  used  to  process 
the  spatial  tracking- error  signals  and  includes  all  the  circuits  after  the  IF 
post-amplifier  from  the  bandpass  filter  to  the  two  low-pass  filters  following 
the  phase  detectors.  The  band-pass  filter  establishes  the  noise  bandwidth  of 
the  tracking-error  channel  prior  to  detection  of  the  amplitude  modulation  on 
the  carrier. 

The  orthogonal  error  components  are  produced  (east /west  and  north/ 
south)  at  the  100-Hz  nutation  frequency  and  are  separated  in  the  two  phase- 
detectors  following  the  audio  amplifier.  A band-pass  filter  tuned  to  the 
nutation  frequency  provides  selectivity  to  reject  undesired  frequencies.  The 
two  tracking-error  signals  are  then  fed  to  the  image  motion  compensator  (iMC) 
■which  corrects  the  spatial  error. 

The  frequency  tracking  error  channel  consists  of  circuits  used  to 
process  the  frequency  tracking  error  and  includes  the  low-pass  filter  and  dc 
amplifier  following  the  discriminator.  An  error  signal  is  generated  when  the 
carrier  and  local  oscillator  frequencies  are  not  separated  by  exactly  the 
discriminator  zero  crossing  frequency.  The  error  voltage  is  proportional  to 
the  frequency  error  and  provides  a correction  by  means  of  the  local  oscillator 
laser.  This  automatic  frequency  control  (afe)  reduces  frequency  drifts  and 
offset  errors.  * 1 

The  mixer  bias  control  contains  the  bias  voltage  regulator  that 
provides  the  dc  bias  voltage  for  the  infrared  mixer. 
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The  acquisition  pulse  channel  consists  of  the  circuits  required  to 
extract  the  received  energy  in  noise  (minimum  signal-to-noise  ratio  of  -18  db) 
as  the  scanning,  receiver  beam  is  traversing  the  angular  position  at  which  the 
incoming  energy  is  arriving.  It  consists  of  a matched  filter  (2  to  14  Hz  at 
3 db  point),  a threshold  detector,  and  a shaping  circuit  to  generate  the 
acquisition  pulse. 

' The  acquisition-confirm  channel  is  essentially  the  same  as  the 
tracking  error  channel  except  that  it  operates  at  200  Hz.  The  presence  of  an 
output  confirms  the  acquisition  of  the  real  station. 

Implementation  of  the  design  necessary  to  meet  the  requirements  of 
the  OHRS  will  be  discussed.  The  sections  are  divided  into  the  infrared  mixer 
design  and  the  receiver  electronics  (includes  preamplifier  and  processor 
assemblies). 

5 .2.4.2  Infrared  Mixer  Assembly 

5-2 .4.2.1  Receiver  Noise  Equivalent  Power  (NEP) 

Tlie  receiver  NEP,  in  watt/Hz,  for  a reverse-biased  photovoltaic 
(Hg,Cd)Te  mixer  is  expressed  as 

^ . . 

k ( T + T 1 ) 

. NEP  hv  ^ M XIF; 

B . T]  + G 

where 

B - IP  bandwidth,  Hz 
hv  = photon  noise 
T|  =3  mixer  quantum  efficiency 
k = Boltzmann's  constant 
T^  - mixer  temperature 

^IF  = e^ec^^-ve  input  noise  temperature  of  receiver  electronics, 
including  coaxial  line 

G - available  conversion  gain  of  infrared  mixer 


(5.2U-1) 
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The  first  term  (P^^  = ~)  in  the  above  equation  represents  the 
quantum  noise  contribution.  It  is  the  minimum  achievable  HEP  for  a given  mixer 
quantum  efficiency.  The  second  term  [k(TM  + T-[f)/g]  represents  the  thermal 
noise  of  the  system  divided  by  the  conversion  gain  of  the  infrared  mixer . 

This  equation  indicates  that  the  HEP  approaches  P asymptotically 
as  the  mixer  conversion  gain  is  increased.  The  mixer  conversion  gain  increases 
linearly  with  absorbed  local  oscillator  (ID)  power.  Figure.  5. 2. 4-2  shows  the 
expected  variation  of  receiver  REP  with  LO  power  absorbed  in  the  mixer.  As  can 
be  seen,  the  receiver  REP  is  degraded  when  the  applied  LO  power  is  low  but 
changes  very  little  when  the  LO  power  exceeds  a threshold  value  for  the  particu- 
lar- mixer  under  test.  Figure  5*2*^-3  shows  measured  REP  versus  LO  power  inci- 
dent on  a reverse-biased,  photovoltaic  (PV)  (Hg,Cd)Te  mixer  element.' 

For  a measured  quantum  efficiency  of  0.09,  the  measured  NEP  in 

Figure  5. 2. 4-3  is  seen  to  approach  P . asymptotically  as  the  LO  induced  shot- 
v mm 

noise  begins  to  override  the  system  thermal  noise.  The  measured  NEP  was 
-19  / 

7.2  x 10  ' w/Hz  for  an  applied  LO  power  of  O.5O  milliwatt.  For  2-0  mw  of  LO 

power,  the  REP  was  2.2  x 10  w/Hz,  thus  approaching  the  quantum-noise-limited 
value  of  P . Using  the  measured  results  of  Figure  5. 2. 4-3  (p  =2.08  x 10-1^ 
w/Hz,  T^  = 77K  and  T?  ~ 1.5  db)  the  conversion  mixer  gain  is  -6.5  db . This 
result  is  reasonably  close  to  the  directly  calculated  conversion  gain  of  -8.6  db. 

While  the  mixer  element  used  to  obtain  the  data  given  in  Figure 
5* 2. 4-3  is  not  completely  suitable  for  use  in  the  LCE,  it  is  representative  of 
the  type  of  detector  to  be  used.  The  measured  data  on  the  above  9$  quantum 
efficiency  element  was  extrapolated  to  a mixer  element  having  a 19$>  quantum 
efficiency.  The  resultant  variation  of  NEP  with  LO  power  is  shown  in  the  dashed 
curve  in  Figure  5-2. 4-3.  The  extrapolated  curve  shown  in  Figure  5. 2. 4-3- may  be 
representative  of  the  mixer  performance  in  the  LCE.  1 

The  mixer  conversion  gain  varies  directly  with  applied  LO  power  as 

given  by 


5- 2. 4-6. 


Report  No.  4033,  Vol.  I,  Part  1 


where 


G = 


(%/hr)2  P 


LO 


2%  (1  + RsGD)  + (f/fc)2 


(5. 2. 4-2) 


R = series  resistance  of  the  mixer  diode 
s . 

f - IF  frequency 

T — mixer  5-3^  cutoff  frequency 

G^  « diode’s  small-signal  shunt  conductance  (slope  of  I-V  curve 
sin  reverse  direction)  , 


Sufficient  LO  power  must  be  applied  to  the  mixer  element  so  that  LO- excited  shot- 
noise  exceeds  all  other  noise  contributions  in  the  optical  receiver.  Stated 
another  way,  the  mixer  conversion  gain  must  be  sufficient  to  minimize  the 
receiver  NEP. 

■ For  reverse-biased  PV  mixer,  quantum-noise -limited  operation  is 
obtained  when  the  local  oscillator  is  sufficiently  large  so  that 


where 


PL0» 


2R  (T„  + T^)  GBhv 

2_ 

q T) 


(5-2. 4-3) 


= (^0(^€  small-signal  shunt  conductance 
q = electron  charge 

When  the  terms  on  the  left  and  right  side  of  equation  are  equal,  the  thermal 
noise  of  the  infrared  mixer  and  IF  amplifier  degrade  the  receiver  sensitivity 
by  5 <tt>- 

Tile  LO- induced  shot  noise  (and  NEP)  is  expected  to  remain  constant 
with  frequency  to  30  MHz  and  beyond  as  shown  by  the  measured  data  in  Figure 

5. 2. 4-4. 
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The  calculated  variation  of  NEF  with  quantum  efficiency  is  shown 
in  Figure  5-2 .4-5.  Three  curves  are  shown  for  the  cases  of  degradation  result- 
ing from  system  thermal  noise  of  0,  10$,  and  25$  (see  Equation  5. 2.4-1).  For 
a quantum  efficiency  of(20$  and  a 10$  degradation  in  receiver  sensitivity  caused 
by  thermal  noise,  the  receiver  NEB  is  approximately  10-1^  watt/Hz.  It  is  con- 
cluded that  a quantum  efficiency  of  20$  is  required  to  meet  the  design  objective 
of  an  NEP  s 10  watt/Hz.  This  type  of  receiver  performance  can  be  achieved 
over  a narrow  temperature  range  by  proper  selection  of  the  mixer  element  and 
its  operating  parameters.  The  variation  of  quantum  efficiency  with  temperature 
of  a FV  HgCdTe  mixer  having  its  peak  response  at  10-8  jam  is  shown  in  Figure 
5-2 -4-6.  The  quantum  efficiency  varies  with  temperature,  since  the  detector 
material  band-gap  is  temperature  dependent.  Selected  mixer  and  operating 
parameters  can  be  chosen  to  give  wide  temperature  coverage  with  only  slight 
degradation  in  receiver  performance. 

Figure  5*2.4-/  shows  the  measured  NEP  versus  mixer  temperature  for 
a reverse-biased  FV  mixer.  The  NEP  varied  from  1.8  to  only  2.4  x 10~19  watt/Hz 
for  Vg  — -0.1  volts  for  this  particular  element  as  the  temperature  varied  from 
( f to  130°K.  Since  the  mixer  quantum  efficiency,  reverse  slope  resistance  and 
receiver  thermal  noise  all  vary  with  temperature,  the  infrared  detector,  dc 
bias,  L0  power  and  IF  amplifier  coupling  network  were  carefully  chosen  to 
optimize  the  useful  operating  temperature  range.  In  addition,  the  applied  L0 
power  was  selected  to  give  nearly  quantum-noise -limited  operation  at  the 
temperature  extreme  which  exhibits  the  poorest  receiver  sensitivity..  The 
measured  receiver  sensitivity  for  Vg  = -O.3  volts  is  also  shown  in  Figure 
5-2.4-T  for  comparison. 

The  present  detector  specification  calls  for  infrared  detectors 
whose  parameters  are  optimized  in  the  100  + 5°K  temperature  range.  Minimum- 
quantum  efficiency  will  be  15$,  with  selected  detectors  expected  to  yield 
optimum  efficiencies  exceeding  20$  in  the  100  +5°K  temperature  range. 

The  minimum  quantum  efficiency  vs  mixer  temperature  for  the  basic 
specification  and  selected  options  is  shown  in  Figure  5 .2.4 — 8.  Note  that  certain 
selected  units  from  the  deliverable  detectors  under  the  present  subcontract 
can  also  meet  the  receiver  performance  levels  of  the  Option  A premium  detectors 
(Figure  5 *2. 4-8).  AIL  has  also  obtained  a quotation  on  Option  B (Figure  5. 2. 4-8); 
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that  is,  two  detectors  with  a minimum  quantum  efficiency  of  13$  over  the 
105  +20°K  range . Presently  a mixer  specification  which  fixes  performance  in 
the  110  +15°K  temperature  range  is  being  investigated. 

In  general,  detector  manufacturers  measure  Responsivity  and 
Detectivity  which  are  important  parameters  for  incoherent  detection  applica- 
tions. For  coherent  receiver  applications,  the  principal  mixer  parameter  is 
the  quantum  efficiency  at  the  specified  wavelength  and  operating  temperature. 
The  quantum  efficiency  is  generally  not  measured  by  mixer  manufacturers.  This 
is  pi esently  being  done  at  the  mixer  manufacturer  (SAT)  for  mixer  temperatures 
up  to  I3.O °K . Tlie  measured  data  for  the  best  mixer  element  are  shown  in  Figure 
for . wavelengths  .of  10. 15,  10.6  and  11. 3 microns.  The  measured  quantum 
efficiency  varied  from  27-5#  (Pmln  ~ 0.68  x 10“19  w/Hs)  at  80°K  to  a peak  of 
T|  = 31 1°  ~ 0.60  x 10  ^ w/Ha ) at  90°K  and  then  degraded  to  12$> 

^min  ~ -^-■55  x 10  > w/Hz ) at  130°K.  These  data  indicate  the  possibility  of 

obtaining  receiver  sensitivities  of  10“^  w/Hz  over  an  extended  temperature 
range..  For  optimum  performance,  the  quantum  efficiency  peak  at  10.6  micrometers 
should  occur  near  the  median  operating  temperature  of  the  radiation  cooler. 

Note  that  measurements  of  detector  uniformity,  cutoff  frequency, 
l/f  noise  were  not  made  on  the  mixer  element  used  to  obtain  the  measurement 
data  shown  in  Figure  3. 2- 4-9.  Therefore,  complete  confidence  as  to  the  suita- 
bility of  this  mixer  for  the  Optical  Receiver  Subsystem  has  not  been  fully 
established. 

3- 2. 4. 2-2  Selection  of  Receiver  Parameters 

This  section  summarizes  the  proposed  design  approach  to  attain  the 
infrared  sensitivity  and  power  dissipation  design  goals  for  the  Optical  Receiver 
Subsystem.  The  following  parameters  having  an  impact  on  receiver  sensitivity 
can  be  identified: 
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Parameter 


Interface 


M 

P P 
LO'  DC 


Radiation  cooler 


GD’  C>  Hs 


Detector  subcontractor 


IF 

Optimum  source 
resistance 

\ 


Electronics 


In  addition,  the  coaxial  cable  between  infrared  mixer  and  the  IF 
preamplifier  has  an  important  impact. 


In  arriving  at  the  proposed  design,  the  IF  is  the  starting  point, 
considering  the  post -amplifier  maximum  noise  factor,  preamplifier  minimum  gain, 
preamplifier  maximum  noise  factor,  and  maximum  coaxial  cable  loss  to  arrive  at 
a minimum  effective  IF  noise  temperature,  T^,,  at  the  mixer  output  terminals. 

Using  the  T^,  and  the  maximum  mixer  physical  temperature,  TM,  and 
given  the  quantum  efficiency,  G^  and  f , the  required  mixer  conversion  gain  and 
local  oscillator  power  for -10$  thermal-noise  contribution  are  calculated.  The 
NEP  is  then  obtained. 

Tlie  results  for  two  temperature  are  given  in  Table  5. 2. 4-1,  which 
shows  the  projected  receiver  performance  at  the  upper -mixer  temperature  extremes 
of  105°K  (previous  specification)  and  125°K  (new  specification). 

For  temperatures  in  the  100  +5°K  range,  a quantum  efficiency  of 
20$,  3.6  mw  of  L0  power  incident  on  the  mixer,  a mixer  gain  of  -3.9  db,  and  a 
reverse  mixer  dynamic  resistance  of  100  ohms,  the  calculated  NEP  meets  the 
design  objective  of  10~15  watt/Hz.  For  the  temperature  conditions  of  110  +15°K, 
a quantum  efficiency  of  13$,  at  the  temperature  extremes,  6.25  mw  of  L0  power 
incident  on  the  mixer,  a mixer  gain  of  -5.5  db  and  a reverse  dynamic  resistance 
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of  100  ohms,  the  calculated  NEP  is  I.58  x 10  ^ watt/Hz.  This  represents  a 
degradation  of  2 db  in  receiver  sensitivity  compared  to  the  sensitivity  calculated 
at  105°K*  If  the  L0  power  applied  to  the  mixer  element  is  limited  to  5 mw  at  125°K, 
the  conversion  gain  is j reduced  from  -5*5  to  -6.4  and  the  calculated  iJEP  degrades 
to  1-62  x IQ" ^ watt/Hz. 

The  receiver  sensitivity  at  125°K  is  calculated  for  a quantum 
efficiency  of  13$,  based  on  mixers  specified  over  the  105  +20°K  temperature  range. 
For  mixer  elements  specifically  fabricated  for  quantum  efficiency  peaked  in  the 
110  +15°K  range,  it  is  anticipated  that  the  NEP  could  be  improved.  This  matter 
is  presently  under  intensive  investigation.  Note  that,  even  for  a mixer  with 
quantum  efficiencies  of  13#  at  the  temperature  range  extremes,  the  quantum 
efficiency  at  temperatures  between  the  extremes  is  higher  (e.g.,  see  Figure 
5. 2. 4-9). 

5. 2. 4. 2. 3 Coaxial  Cable  Design 

A thermal  interface  exists,  between  the  spaceborne  radiation  cooler 

1 

and  the  IP  mixer,  through  the  coaxial  cable  which  electrically  connects  the 

infrared  mixer  to  the  IF  preamplifier  - The  temperature  differential  of  200 °K 

along  the  coaxial  cable  (300°K  at  preamplifier  and  100 °K  at  mixer)  presents  a 
significant  heat  load  to  the  radiation  cooler. 

In  the  design  and  selection  of  the  coaxial  cable,  the  following 
characteristics  had  to  be  considered  in  addition  to  thermal  loading  on  the 
radiation  cooler : 

• Insertion  loss  at  30  MHz 

• RFI  immunity 

•.  Basic  mechanical  strength  and  rigidity 

A number  of  design  tradeoffs  were  explored.  For  example,  RFI  immunity 
demands  a continuous  outer  conductor  cable  jacket  of  high-electrical  conductivity 
material,  while  thermal  loading  demands  low  thermal  conductivity,  thin  material, 
construction  - in  direct  opposition  to  the  RFI  requirement. 
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Experience  and  computations  indicate  that  with  a stainless  steel 
coaxial  cable,  the  above  design  considerations  can  be  simultaneously  satisfied 
For  example,  using  a steel  coaxial  cable  12  inches  long  with  the  dimensions 
shown  below: 


Outer  diameter  .0865  in. 

' Dielectric  diameter  -.0658  in-  (Teflon) 

Center  conductor  diameter  .0201  in. 

(Both  the  inner  and  outer  conductors  are  stainless  steel.) 

The  electrical  loss  Is: 

For  the  coaxial  line. 


a 


at  30  MHz,  the  skin  depth,  6 - .008  cm  (.OO315  in.)  and  a - .0068  db/crn 

Loss  = .221  db  for  32.5  cm  (12.8  in.) 

.207  db  for  30.4  cm  (ll  .95  in* ) 


while. the  thermal  loss  is: 

Assuming  the  IF  preamplifier  at  300°K  and  the  IR  mixer  at  100°K, 


Cross  section  area,  outer 
Cross  section  area,  inner 

Total 


.0139  cm2 
♦0021  cm2 

.018  cm2 
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J AdT  =23-3  watts/em 

Q = 13  raw  for  L = 30*4  cm  ( 11.93-in . -long  cable) 

14  raw  for  L = 32*5  cm  ( 12. 8-in. -long  cable) 

A laboratory  experiment  was  performed  using  coaxial  cable  UT-20-SS. 
The  stainless  steel  outer  conductor  wall  thickness  was  .0025  inch.  In  a 1-volt/ 
meter  field  at  20  MHz,  a.  -75  dbm  signal  was  measured  on  the  cable  (one  skin 
depth  at  20  MHz  = .0039  in.,  so  that,  for  this  case,  the  thickness  of  the  outer 
jacket  was  less  than  1 skin  depth). 

Although  further  testing  will  be  required,  it  is  believed  that  RFI 
protection  to  the  level  specified  in  MIL-STD-461  (-100  dbm)  can  be  obtained 
using  the  proposed  coaxial  cable  (.010-in-  wall  thickness,  which  is  more  than 
3 skin  depths)  for  the  case  of  30  MHz  IF  center  frequency. 

5.2.4. 2. 4 Effect  of . Coaxial  Cable  losses  on  IF  Noise  Factor 

RF  losses  in  the  coaxial  cable  between  the  infrared  mixer  and  IF 
preamplifier  must  be  carefully  considered,  since  these  losses  can  result  in 
degradation  of  receiver  sensitivity  unless  the  receiver  is  properly  designed. 

An  approach  to  including  this  cable  loss  is  to  define  an  equivalent  input  noise 
temperature  of  the  IF  amplifier  that  includes  the  cable  loss.  This  can  be 
taken  into  account  by  means  of  the  following  equation: 

Te  = (W)  Tl  + L TIp 

where 

Tg  = effective  input  IF  noise  temperature  including  cable  loss 

T^  = temperature  of  cable.  The  above  expression  assumes  a con- 
stant or  ’'effective"  cable  temperature,  which  we  take  here 
to  be  an  average  200°K. 

L = loss  in  the  cable 

, T-qp  = effective  input  noise  temperature  of  the  IF  amplifier 

excluding  cable  loss 
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The  above  expression  is  plotted  in  Figure  5*2.4-10  for  IF  noise 

factors  of  1.5-,  1-7*  and  2.0  db.  For  example,  for  a cable  loss  of  0.2  db 

(L  ~ 1.04T)  and  T = 159°K  (Ft„  = 1-T  db),  it  can  be  calculated  that 
-Lf  lx1 

Te  ~ 155%  which  corresponds  to  a noise  factor  of  1.86  db.  Thus,  the  0-2  db 
cable  loss  causes  the  effective  input  noise  factor  of  the  IF  amplifier  to  change 
from  1-7  to  1.86  db. 

5. 2. 4. 2. 5 DC'  Bias  Power  Requirements 

It  is  anticipated  that  the  required  dc  bias  power  will  not  exceed 
1 mw.  This  upper  limit  is  calculated  as  follows:  for  a mixer  with  G ^ = 

100  ohms,  VB  - -0.2  volts,  diode  dark  current  1^=1  ma,  and  a photoinduced 
current  as  high,  as  I = 4 ma,  a dc  bias  power  of  1 mw  is  calculated. 

5 • 2 . 4 . 2 . 6 Mixer  Subcontract 

Airborne  Instruments  Laboratory  has  . selected  SAT  Company  to  be  the 
supplier  of  the  IR  mixer  elements.  The  selection  of  the  SAT  is  the  result  of  a 
lengthy  evaluation  period  of  several  manufacturer’s  mixers  during  last  year. 

In  March  1969*  AIL  issued  an  RFP  for  space  qualified  infrared  mixers  and  invited 
responses  from  all  major  manufacturers  of  HgCdTe  detectors.  Three  bids  were 
received.  Prior  to  this  action,  under  the  NASA  head-start  program,  AIL  evaluated 
photoconductive  and  photovoltaic  mixers  from  various  mixer  manufacturers  in 
an  attempt  to  find  a suitable  10.6-micron  mixer  element  for  the  OHRS/lCE.  The 
photovoltaic  mixer  purchased  from  SAT  was  the  only  mixer  that  exhibited  efficient 
mixing  up  to  20  Mhz . Note  that  the  use  of  a reverse  biased,  photovoltaic  mixer 
rather  than  a photoconductive  mixer  gives  a potential  5 hb  improvement  in  receiver 
sensitivity  for  a given  mixer  quantum  efficiency. 

A fixed-price  program  was  negotiated  between  AIL  and  SAT  early  in 
1970  which  included : 

• Design  qualification  testing  on  two  mixer  elements 

• Quantum  efficiency  specified  over  the  100  +5°K  temperature 

range  (presently,  the  mixers,  the  quantum  efficiency  of  which 
is  specified  over  110  +15°K>  are  being  negotiated) 

• Qualification  testing  of  the  mixer  housing  assembly 

• Optimization  of  the  location  of  the  mixer  element  in  the 

housing  assembly  to  permit,  if  necessary,  the  incorporation 
of  a redundant  mixer  element  in  the  LCE 


5.2.4-14 


Report  No.  4033,  Vol.  I,  Part  1 


5-2. 4- 2-7  Mixer  Housing 

There  are  several  critical  interface  areas  in  the  design  of  the 
mixer  housing: 

a.  Optically,  it  is  the  terminus  of  the  optical  subsystem  tele- 
scope/mixer optical  path.  Therefore , the  housing  entrance  window  must  have  the 
diameter  required  to  accept  the  received  signal  cone  angle.  Also,  the  window  is 
an  element  in  the  optical  path  and,  as  such,  must  he  included  in  the  optical 
analysis . 

b . The  housing  entrance  window  must  filter  out  all  -IR  wavelengths 
except  10.6  jt).5  microns.  The  rejected  wavelength  range  is  2 to  40  mici-ons. 
Energy  coming  through  the  bandpass  is  2 mw.  A further  increase  of  5 mw  in 
energy  absorbed  beyond  the  2 mw  will  result  in  an  increase  in  mixer  temperature 
of  1°K. 

c.  To  provide  uniform  mixer  illumination  by  the  local  oscillator 
and  to  allow  for  the  mixer  position  tolerance  of  +0.005  in.  (the  extent  of 
possible  mixer  position  change  as  the  radiation  cooler  is  thermally  decoupled 
while  in  space  - see  Section  5*2«3*l)j  the  Airy  dish  of  the  local  oscillator 
must  be  larger  than  the  mixer  diameter.  The  design  of  the  radiation  cooler 
assumes  that  the  total  local  oscillator  power ■ deposited  in  the  mixer  ,and  the 
housing  is  22  mw.  The  total  local  oscillator  power  incident  on  the  mixer  and 
housing  is  85  mw.  Therefore,  63  mw  must  be  rejected  by  reflection. 

d.  The  surface  finishes  of  the  housing  must  be  such  that  the 
background  radiation  is  mostly  reflected.  Therefore,  the  surface  coating  of  the 
exterior  of  the  housing  is  specified  to  have  an  emissivity  of  (e ) s 0.05-  The 
mounting  surface  between  the  mixer  assembly  and  the  radiator  should  have  a 16- 
microinch  rms  finish  and  a flatness  of  0.0002  in.  TIR.  Temperature  drop  across 
the  joint  is  expected  to  be  1°C,  or  less,  for  the  expected  bolt  torques. 

The  development  of  a hermetically  sealed  mixer  housing  assembly, 
which  will  withstand  the  temperature  shock  as  the  mixer  is  cycled  between  300°K 
and  77°Kj?  will  be  one  of  the  critical  technical  items  of  the  subcontract.  The 
housing  assembly  will  be  designed  to  successfully  withstand  100  rapid  cycles 
between  nitrogen  and  ambient.  . Latest  information  from  SAT.  indicates  that 
housing  assembly  tests  just  completed  showed  1000  cycles  without  degradation  of 
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seal.  Two  approaches  will  be  pursued  through  an  entire  qualification  test 
cycle  before  the  best  approach  is  selected;  the  two  proposed  approaches  are: 

• A housing  using  an  indium  pre-form  (Figure  5*2.4-11  for 
/ preliminary  drawing ) 

• A housing  using  a Torr  Seal  sealant  (Figure  5*2.4-12  for 
preliminary  drawing) 

A housing  adapter  will  be  used  to  couple  IF  output  signal  from  the 
infrared  detector  to  a coaxial  cable.  A preliminary  design  on- the  housing 
adapter  is  shown  in  Figure  5*2.4-13,  which  includes  gasketing  for  good  RFI 
shielding.  The  final  housing  adapter  will  be  designed  after  the  housing 
assembly  design  has  been  completed  by  the  mixer  subcontractor. 

5* 2. 4. 2. 8 Frequency  Response 

As  discussed  in  Section  5 *2. 4. 2. 6,  the  photovoltaic  HgCdTe  element 
is  the  only  10.6-micron  intrinsic  infrared  photodetector  which  has  been  found 
to  be  suitable,  at  present,  for  use  in  the  LCE  at  megahertz  IF  frequencies  with 
low  power  dissipation. 

Measurements  on  two  photovoltaic  HgCdTe  mixers  at  7T°K  showed  a 
3 db  cutoff  frequencies  of  50  MHz,,  and  greater  than  60  MHz.  Thes0HRS  detector- 
purchase  specification  calls  for  a 2-db  cutoff  frequency  of  50  MHz,  minimum, 
at  100 °K. 

5. 2. 4. 3 Receiver  Electronics 

The  design  of  the  receiver  electr’onics  includes  the  design  of  the 
four'  major  elements  of  the  receiver  subsystem  (video,  tracking,  AFC,  and  bias) 
and  recently  added  functions  (of  acquisition  and  acquisition-confirm  pulse). 

The  two  major  receiver  parameters  are  bandwidth  and  gain  control.  The  first 
part  of  the  discussion  (Section  5 *2. 4.3*1)  will  center  on  the  major  considera- 
tions in  the  design  tradeoffs  of  the  subsystem  elements  and  the  receiver 
parameters.  The  second  part  of  the  discussion  (Section  5 *2. 4. 4. 2)  will  be 
concerned  with  the  performance  of  laboratory  breadboards  of  various  key  circuits 

5. 2. 4. 3*1  General  System  Design  Considerations 

Various  system-design  tradeoffs  are  possible  in  implementing  a 
receiver,  system  that  provides  the  essential  requirements  of  the  0HRS . One  of- 
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the  most  important  areas  of  tradeoff  is  in  the  selection  of  the  IF  and  its 
bandwidth.  With  a higher  IF,  it  is  easier  to  provide  filtering  to  separate 
video -and  IF,  and  the  percentage  bandwidth  of  the  IF  circuits  becomes  smaller. 

A smaller -per  cent  age  bpd  width  eases  IF  filtering,  reduces  harmonic  distortion 
in  circuit  elements,  and  improves  the  linearity  of  phase  in  the  amplifiers  and 
demodulation  in  the  discriminator . The  highest  allowable  IF  is  restricted  by 
mixer  bandwidth  and  laser  tuning  capabilities.  Therefore,  given  the  constraint 
of  a maximum  IF,  the  tradeoff  must  be  between  performance  demands  on  various 
circuit  elements,  system  performance  (particularly  video  quality),  and  limita- 
tions of  size,  weight,  and  power.  In  the  following  .paragraphs , this  and  other 
system  design  tradeoffs  will  be  discussed. 

5*2. 4. 3-1.1  Receiver  Bandwidth 

The  receiver  IF  bandwidth  is  determined  by  tradeoffs  between  obtain- 
able laser  power  profile  and  stability,  information  bandwidth  desired,  frequency 
deviation  desired,  and  the  amount  of  power  available  (RF  and  DC).  Based  on  a 
detailed  analysis  of  the  above  considerations,  the  receiver  IF  for  the  bread- 
board extends  from  l4.7  MHz  to  25-3  MHz  (20  MHz  +5.3  MHz),  and  the  video  band- 
width extends  from  1,0.  to  5.3  MHz.  The  IF  bandwidth  is  defined  by  the  Noise 
Bandwidth  Filter  since  the  IF  amplifiers  are  quite  broadband.  This  filter  must 
be  used  prior  to  the  limiter  in  order  to  restrict  the  noise  entering  the  limiter 
so.  that  signal-to-noise  ratio  is  preserved.  Although  the  channel  filter  (follow- 
ing the  limiter)  is  sharper  than  the  noise  bandwidth  filter,  it  is  more  rectangular 
because  of  the  rejection  required  to  signal  harmonics. 

The  bandpass  filter  following  the  IF  post -amplifier  establishes  the 
noise  bandwidth  in  the  tracking  error  channel.  The  present  filter  design  calls 
for  a 5-MHz  bandwidth  (17*5  MHz  to  22-5  MHz,  at  3-db  points). 

The  video  bandwidth  is  determined  by  tradeoffs  between  the  desired 
signal  quality,  the  modulator  driver  power  requirements,  and  modulator  limita- 
tions (low-frequency  resonances).  Based  on  these  considerations,  the  video 
bandwidth  in  the  breadboard  extends  from  1.0  to  5.3  MHz,  with  baseband  transla- 
tion to s 0 to  4-3  MHz  and  de-emphasis  being  performed  on  the  ground. 
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Recent  investigations  have  shown  that  the  laser  power  profile , the 
infrared  mixer  and  the  wideband  discriminator  can  all  be  made  to  accommodate 
a higher  IF.  Since  improved  performance  is  possible  with  the  IF  at  30  MHz 
(Section  5. 2. 4. 3.1. 3. l),  the.  breadboard  unit  will  be  modified  for  an  IF  of  30 
MHz,  and  all  future  models  will  be  directly  made  at  30  MHz.  This  increase  in 
IF  permits  the  bandwidth  to  be  increased  so  that  the  IF  will  extend  from  24  to 
36  MHz  and  the  video  baseband  will- extend  from  1 to  6 MHz.  Future  discussions 
will  assume  an  IF  of  30  MHz,  unless  it  is  specifically  stated  to  be  otherwise. 

3*2. 4. 3*  1.2  Automatic  G-ain  Control 

Automatic  gain  control  is  provided  to  limit  the  power  level  varia- 
tions in  the  receiver  electronics.  It  is  desirable  to  have  the  age  threshold 
set  at  a power  level  corresponding  to  a signal  below  the  minimum  signal-to- 
noise  ratio  (s/n)  of  23  db  so  that  some  degradation  can  be  tolerated  without 
seriously  affecting  system  performance.  It  is  also  desirable  to  set  the 
threshold  at  least  10  db  above  the  noise  level  so  that  it  is  well  defined.  Thus, 
a threshold  corresponding  to  a power  level  with  a signal  at  a s/n  of  17  db  has 
been  selected  as  a reasonable  compromise,  and  this  is  where  the  threshold  will 
be  set  (although  adjustable)  unless  other  factors  dictate  another  choice. 

Note  that,  during, the  acquisition  mode,  the  signal  levels  will 
normally  be  considerably  reduced  and  the  s/n  can  be  as  low  as  -19  db . Under 
these  conditions  the  signal  level  is  not  within  range  of  the  age. 

The  dynamic  range  required  of  the  age  in  the  communications  mode  is 
10  db  (from  -66  dbm  to  -56  dbm  at  the  mixer  input).  Over  this  range,  it  is 
very  desirable  to  maintain  a constant  output  level  from  the  post -amplifier . The 
response  time  of  the  age  can  be  fairly  slow  since  signal  levels  should  change 
quite  slowly  in  the  communications-  mode However,  it  is  also  important  to  define 
the  characteristics  of  the  tracking-error  channel  in  the  transition  from  the 
acquisition  mode  to  the  communications  mode.  During  this  transition,  the  signal 
level  will  suddenly  increase  (because  of  the  narrowing  of  the  laser  beam)  from 

f 

a S/N  of,  typically,  -14  db  to  +23  db,  for  a change  of  37  db.  Since  the  age 
will  take  time  to  become  operative,  it  is  important  that  saturation  recovery  be 
fast  and  that  the  age  "attack"  time  be  sufficient  to  obtain  control,  permit  the 
gain  to  stabilize,  and  pass  the  tracking  error  signals  before  the  beam  drifts 
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off  outside  the  spatial  tracking  range.  To  ensure  that  these  conditions  will 
he  met,  the  tracking -err or  channel  will  he  designed  to  recover  from  a 4l-db 
signal-level  change  in  less  than  0.2  sec. 

5- 2. 4. 3-1. 3 Video  and  Communications  Channel 

5*2. 4. 3. I.3.I  Receiver.  Sensitivity  and  Receiver  Electronics 
Noise  Factor 

The  OHRS  receiver  sensitivity  is  primarily  determined  by  the 
infrared  mixer  (as  discussed  in  Section  5 *2 *4. 3);  with  a small  contribution  as 
a result  of  the  receiver  electronics  noise  factor  and  the  coaxial  cable  connec- 
ting the  mixer  to  the  IP  preamplifier.  For  this  reason,  and  in  order  to  prevent 
the  sensitivity  from  being  seriously  degraded  by  a decrease  in  the  local 
oscillator  power,  it  is  important  to  keep  the  receiver  electronics  noise  factor 
(kf)  as  low  as  practicable.  This  is  accomplished  by  a low  noise  factor  on  the 
IF  preamplifier,  a sufficiently  high  gain  on  the  IF  preamplifier  (greater  than 
20  db),  and  a sufficiently  low  IF  post-amplifier  noise  factor  (less  than  10  db ) . 
The  combined  gain  of  the  IF  preamplifier  and  the  first  IF  post -amplifier  will 
then  be  sufficiently  high  that  all  other  noise  contributions  are  negligible. 

The  noise  factor  of  the  receiver  electronics  can  be  described  by 

the  equation 

Fr  = h + (5-2.^) 

where 

F^  =s  noise  factor  (ratio)  of  the  receiver  electronics 

= noise  factor  (ratio)  of  the  IF  preamplifier 

F^  - noise  factor  (ratio)  of  the  IF  post -amplifier 

G^  ss  gain  (ratio)  of  the  IF  preamplifier 

The  insertion  loss  of  the  noise  bandwidth  filter  must  also  be  included  by  adding 
its  loss  to  the  noise  factor  of  the  IF  post-amplifier.  The  effect  of  varying  G^ 
and  F0  can  be  seen  in  Figure  5-2.4-14,  in  which  it  was  assumed  that  F^  = 1.8  db. 
To  keep  the  overall  NF  below  2.0  db,  with  a gain  of  21  db  would  have  to  keep  the 
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second  stage  NF  below  10  db.  With  a second  stage  NF  of  13  db,  the  gain  would 
have  to  be  greater  than  2k  db . The  preamplifier  gain  is  designed  for  a nominal 

gain  of  26  db  and  the  second  stage  noise  figure  is  designed  for  a IF  of  8 db;  ■ 

/ 

this  provides  sufficient  margin  in  both  parameters . 

The  receiver  electronics  NF  can  also  be  dependent  upon  frequency. 

It  can  also  be  degraded  by  large  variations  in  mixer  source  conductance  if 
precautions  are  not  taken.  Proper  selection  of  the  IF  transistor  and  careful 
matching  to  the  optimum  noise  resistance  are  required  to  eliminate  this  degrada- 
tion. 


If  the  theoretical  behavior  of  noise  factor  in  transistorized  IF 
amplifiers  as  a function  of  frequency  is  examined,  it  can  be  seen  that,  within 
a wide  frequency  range,  there  is  a plateau  of  minimum  F.  Figure  5*2*4-15a  illus 
trates  the  theoretical  behavior,  and  Figure  3*2-4-15b  shows  the  behavior  for  a 
typical  transistor  (2N3570)  illustrating  this  broad  plateau  from  1 to  100  MHz. 
That  this  plateau  is  not  very  dependent  upon  source -re si stance  is  shown  by  data 
on  another  transistor- (2N4252)  .given  in  Figure  5-2.4-15c;  in  which  a 2-to-l 
change  in  source  impedance  hardly  affects  the  broad  plateau. 

Tlie  theoretical  equation  for  the  noise  factor  of  a transistor 
amplifier  is : 


r*  r (R  +r  +r*V 

W - 1 + + - g,  e b 

NF  + R 2R  2R  r h 

g g g e fb 


1 + (f/f  )■ 

d. 


1 + 


CBO 


- (5. 2.4-5) 


where 


f — common-base  alpha  cutoff  frequency 
a 

hpg  = DC  common-base  short-circuit  current  gain 

h_^  s AC  common-base  short-circuit  current  gain 

I - collector  current 
c 

^CBO  = collector  cutoff  current  (emitter  open) 

r^  - bulk  resistance  of  base  region 

r = emitter  resistance 
e 


R - generator  resistance 
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The  variation  of  NF  with  frequency  arises  because  of  the  term  f/f  . That  is, 
for  the  application  of  interest,  it  is  only  important  to  establish  f , the 
high-frequency  noise  corner,  above  the  highest  desired  frequency  of  operation. 
This,  in  turn,  means  selecting  a transistor  with  a high  cutoff  frequency  com- 
pared to  the  operating  frequency  of  30  MHz.  The  transistors  used  in  the  design 
have  cutoff  frequencies  of  from  1.2  to  3.5  GHz. 

Tlie  - noise  factor  behavior  versus  source  (or  mixer)  resistance 

depends  somewhat  upon  the  frequency  of  operation  and  the  emitter  current . 

Figure  5-2.4-l6a  shows  such  a measured  plot  where  a variation  of  R from  1 to 
■ g 

10  kilohms  produces  about  a 0.5-db  change  in  F.  This  kind  of  insensitivity 

to  Rg  is  possible  if  the  frequency  of  operation  is  very  small  compared  to  the 

transistor  cutoff  frequency . It  can  be  established  that  this  is  the  case  for 

the  preamplifier  design. 

To  examine  this  NF  versus  source  resistance  behavior  in  more  detail, 
the  equation  5 -2. 4-5  is  normalized  to  obtain 


NF 


NF  . 
mm 


= 1 + 


1 

Rg  , Rg(F  opt) 

2 

_Rg(F  opt)  Rg 

1 + K 


(5. 2. 4-6) 


where 


K (K  + R )-  K, 

IfF  . = 1 + =r±  + — b 2 

min  R R 


K2  + 2K> 

K = 1 


R 


g(F  opt) 


K-,  a r ' + *7-- 
1 b 2 


K2  = rb  + 
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(1  - a ) 
o 


2 a r 
o e 


and  where  aQ  = the  low- frequency,  common-base  current  gain.. 

Equation  (5*2. 4-6)  is  plotted  in  Figure  5*2.4-l6b  for  different 

values  of  K.  Note  that  the  larger  values  of  K arise  principally  because  of 

having  an  operating  frequency  f that  is  small  compared  to  the  transistor  cutoff 

frequency  f ^ . 

a i 

The  mixer  output  impedance  will  be  transformed  to  provide  the  opti- 
mum source  resistance  R to  the  IF, amplifier  for  an  average  value  of  mixer 

S 

resistance.  For  a transistor  with  K = 1,  and  a mixer  output  resistance  varia- 
tion of  1*33  to  1,  the  maximum  F variation  (for  K = l)  is  less  than  O.3  dh . 

For  .a  mixer  resistance  variation  of  2-to-l,  the  increase  in  frequencies  in  excess 
of  1 GHz  will  he  used,  and  the  signal  frequency  is  30  MHz,  the  curves  for  K - 10 
are  more  appropriate.  In  this  case,  the  increase  in  NF  should  be  less  than  0.2 

db  for  an  approximate  4-to-l  change  in  R . 

§ 

5. 2. ^.3. 1.3. 2 Distortion 


In  order  to  pi'ovide  a high-quality  communications  channel,  several 
sources  of  distortion  must  be  carefully  minimized.  These  sources  of  distortion 
include : 

• Degradation  of  S/N 

• Nonlinear  phase  response 

• Nonlinear  demodulation 

• Nonlinear  post-detection  gain 

• Unfiltered  harmonics,  spurious  responses,  or  interference 

a.  Degradation  of  s/n 

Degradation  of  s/N  can  occur  by  improper  gain  distribution 
in  the  IF  stages,  or  by  a low  discriminator  sensitivity  and  a high  video 
amplifier  noise  factor  (it  is  assumed  that  the  system  has  been  designed  to 
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provide  a satisfactory  s/w  with  respect  to  such  parameters  as  deviation,  IF 
bandwidth,  transmitter  power,  pre-emphasis,  etc.). 

In  the  LCE  receiver,  in  which  the  dynamic  range  is  only  10  db,  the 
considerations  associated  with  improper  gain  distribution  are  unimportant. 
However,  because  of  the  bandwidth  of  the  discriminator,  and  the  desire  to  con- 
serve power,  the  discriminator  sensitivity  will  be  low  (3  x 10~^  volts/Hz)  and 
attention  must  be  given  to  the  video  amplifier  noise.  The  "front-end"  noise  at 
the  output  of  the  video  amplifier  can  be  calculated  with  the  following  equation 


where 


V •= 
n 


a J~2 
n y 

A 

c 


S 


v 


(5.21-7) 


= rms  noise  voltage  at  the  output  of  the  video  amplifier 
— rms  IF  noise  voltage 
Ac  = peak  carrier  amplitude  in  volts 
f-j  = highest  frequency  in  the  baseband 
a IF  bandwidth  in  Hz 
S ' - deviation  sensitivity  in  volts/Hz 


For  the  LCE  receiver,  the  nominal  c/w  = 23  db,  so  that  A jk  SH  - /200/  /2  = 10 
Also,  = 12  MHz,  = 1 volt  for  a 3 MHz  deviation,  and  = 6 MHz,  where  all 

values  are  for  a 30  MHz  IF.  Thus, 


V 

n 


6^  x 10 


18  11/2 


|_3  x 12  x 10  J 


(— — 

\5  x 10 


US  50  mv  rms 


How  the  video  amplifier  noise,,  with  a noise  figure  of  10  db  (from  a source 
resistance  of  100  ohms),  a bandwidth  of  ,6  MHz,  and  a gain  of  37  db  results  in 
an  output  noise  power  of 
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10°)  + 57 


„ Phis  video  noise  voltage  is  still  quite  low  compared  to  the  system  noise  of 
50  mv,  so  ‘that  there  will  he  no  degradation  of  the  output  S/n.  However,  further 
efforts  to  improve  the  discriminator  linearity,  or  to  operate  at  a lower  drive 
level  will  require  a reduction  in  the  video  amplifier  noise  figure,  or  some 
degradation  of  S/n  could  occur. 

b.  Nonlinear  Phase  Response 

Nonlinear  phase  characteristics  in  any  component  will  result 
in  signal  distortion.  The  amplifying  circuits  (preamplifier,  post -amplifier,  and 
video  amplifier)  are  all  very  broadband  so  that  their  phase  characteristics  will 
he  very  linear.  However,  the  phase  characteristics  of  the  filters  require 
equalization.  Although  the  filters  in  the  receiver  could  he  designed  to  be 
broader  than  required,  so  that  the  most  linear  portion  of  its  phase  characteris- 
tics is  used,  they  would  become  physically  much  larger  and  it  is  doubtful  if  the 
remaining  nonlinearity  would  be  acceptable  in  any  case  without  equalization. 

Thus,  the  question  of  minimum  size  for  a given  performance  becomes  one  of  trading 
the  number  of  poles  in  a filter  for  the  number  of  poles  in  an  equalizer. 

Nonlinear  phase  characteristics  are  best  described  by  the 
group-delay,  or  envelope -delay,  distortion  which  can  be  represented  by  a 
truncated  Taylor  series : 


dbm 


Pn  = -174  + 10  + 10  log  (6 


Hz 

~ -6k  dbm 
= t x 10"  ^ watts 


Then 


V = (4  x 10-i  x 1(T) 
n v ' 

-k 

= 2 x 10  volts 
= 0.2  mv 


1/2 


t(f)  = to  + Kxf  + K£f2  + tr(f)  (5-2. 4-8) 
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The  linear  component  of  group  delay  distortion  is  and  has  units  of  seconds/iiz 
(often  given  as  nanoseconds/MHz) . The  parabolic  component  of  group  delay  dis- 

Q 

tortion  is  given  by  K which  as  units  of  seconds/Hz  (often  given  as  nanoseconds/ 
MHz  ).  Tlie  residual  group-delay  component  is  represented  hy't^f),  and  is 
generally  given  as  a peak-to-peak  value  in  seconds  (or  nanoseconds). 

The  group  delay  requirements  for  the  OHRS  are  as  follows: 

+0.7  nanosec/MHs  slope 
0*5  nanosec/MHz^  parabolic 
6.0  nanosec  peak-to-peak  ripple 

Although  this  requirement  can  be  achieved  in  the  OHRS  with  proper  design,  it  is 
not  a trivial  problem  because  of  the  lack  of  symmetry  (see  Figure  3.2.4-17)  in 
the  group  delay  characteristics  in  the  IF  filters.  This  lack  of  symmetry  is 
related  to  the  fact  that  the  percentage  bandwidth  is  large  and  the  problem  is  even 
more  severe  (by  about  a factor . of  2-to-l),  if  an  IF  of  20  MHz  were  employed 
(Figure  5-2.4-18).  If  the  group-delay  characteristics  of  the  30  MHz  Noise 
Filter  (Figure  5.2.4-19)  and  the  30  MHz  Channel  Filter  (Figure  5.2.4-20),  are 
considered,  the  result  obtained  is  the  combined  characteristic  shown  in  Figure 
5*2.4-21.  Solving  for  a polynomial  to  fit  the  curve  of  Figure  3-21c  results  in 
the  following  equation: 

t(f)  = 86. it.  - 3.2}  fn  + o.73^  ff  + tr(fn)  (5. 2.4-9) 

where 

t = (f  - 30),  so  that  the  frequency  axis  has  been  shifted 
to  the  IF.  of  30  MHz,  and 

f = frequency  of  interest  in  MHz 

Note  that  the  linear  component  of  group  delay  is  -3.23  nanosec/'MHz.  To 
permit  a reasonable  contribution  to  the  delay  distortion  by  other  circuits 
within  the  LCE,  the  channel  filter  will  be  designed  for  lower  group-delay 
distortion  (Figure  5-2.4-21)  by  reducing  the  amount  of  rejection  obtained  in  the 
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filter  and  in  addition,  the  receiver  will  include  an  equalizer  to .reduce  the 
delay  distortion. 

An  equalizer -would  ordinarily  provide  at  least  one  order  of 
magnitude  of  improvement  in  at  least  the  linear  and  parabolic  coefficients. 
However , because  of  the  lack  of  symmetry , the  equalizer  design  becomes  somewhat 
more  difficult.  Nevertheless,  it  is  expected  that  the  linear  component  can  be 
reduced  by  av factor  of  5 } thereby  meeting  the  requirements.  Improvement  in  the 
parabolic  and  ripple  components  are  not  as  readily  predictable  so  that,  although 
improvements  are  expected,  the  magnitude  of  improvement  in  each  component  is 
somewhat  uncertain. 

c . Nonlinear  Demodulation 

The  receiver  demodulator  is  a version  of  the  Foster-Seeley 
discriminator.  Two  diode  detectors  are  connected  with  opposite  polarity,  so 
that  the  output  voltage  is  the  difference  between  the  outputs  of  the  two 
detectors.  Each  detector  has  a resonant  circuit  associated  with  it.  One  of  the 
tuned  circuits  is  tuned  above  the  center  frequency  and.  one  is  tuned  below  the 
center  frequency,  so  that  an  S- shaped  curve  is  generated  with  a zero-crossing 
at  the  center  of  the  IF  passband.  By  using  a restricted  portion  of  the  curve 
between  the  peaks,  various  degrees  of  linearity  can  be  obtained.  The  Q of  the 
tuned  circuits,  and  the  separation  of  the  tuned  frequencies  can  be  manipulated 
to  control  the  width  of  the  discriminator  characteristic  and  the  resultant 
linearity  (for  a more  detailed  analysis,  see  Appendix  D). 

In  the  discriminator  design  used  in  the  OHRS,  the  peaks  of 
the  response  must  be  widely  separated  (by  about  29  MHz  for  either  the  20  MHz 
or  30  MHz  IF)  to  obtain  very  good  (less  than  3$)  linearity  over  the  region  of 
interest.  Although  this  response  is  only  a static,  or  low-frequency  characteris- 
tic, by  keeping  the  video  amplifier  load  very  nearly  constant  as  a function  of 
frequency  the  discriminator  characteristic  should  be  preserved.  The  present 
design  uses  an  emitter-follower  buffer  stage  as  the  immediate  load  on  the  dis- 
criminator to  present  a fairly  high  and  constant  load.  With  this  arrangement, 
the  linearity  is  expected  to  be  better  than  3 

The  discriminator  response  is  also  sensitive  to  signal  power 
level.  With  total  power  variations  of  a few  db  the  most  significant  change  is 


5.2.4-26 


Report  No.  4(333*  Vol.  I,  Part  1 


in  the  discriminator  sensitivity  (volts /MHz)  characteristic,  not  in  its  linearity  . 
However,  signal  changes  beyond  a few  db  will  cause  the  linearity  to  degrade. 
However,  the  receiver  design  will  make  use  of  an  age  circuit  and  a limiter. 

Either  of  these  circuits  alone  will  hold  the  variation  of  signal  level  input 
to  the  discriminator  to  fractions  of  1 db. 

d.  Nonlinear  Post  Detection  Gain 

Nonlinearities  in  video  gain  following  the  discriminator  are 
another  source  of  distortion.  The  amount  of  distortion  introduced  by  an  ampli- 
fier can  be  determined  crudely  on  the  basis  of  how  close  the  maximum  signal  is 
to  the  amplifier’s  saturation  power  level  (l-db  compression).  The  present  design 
calls  for  an  output  voltage  of  1 volt  peak-to-peak  into  75  ohms  (or  approximately 
+2.2  dbm)  from  a video  amplifier  with  a l-db  compression  point  of  approximately 
+12  dbm.  Operating  with  a signal  that  is  about  10  db  down  from  the  l-db  com- 
pression point  should  produce  order  intermodulation  products  that  are  about 
38  db  down,  harmonics  that  are  about  25  db  down,  and  2nd  order  intermodulation 
products  that  are  about  19  db  down.  If  measurements  show  that  the  rules-of- 
thumb  applied  are  correct,  the  power-handling  capability  of  the  video  amplifier 
might  have  to  be  increased  by  about  another  10  db  because  of  2nd-order  inter- 
modulation distortion. 

The  frequency  response  of  the  video  amplifier  goes  well  beyond 
the  requirements,  since  it  has  a 3-db  bandwidth  of  about  30  MHz.  Over  the  1- 
to  6-MHz  video  band,  the  amplifier  is  flat  to  better  than  0.2  db. 

e.  Unfiltered  Harmonics,  Spurious  Responses, 

or  Interference  „ 

Receiver  nonlinearities,  particularly  those  which  result  from  the 
limiter,  will  produce  harmonics  - which,  in  turn,  will  produce  distortion  of 
the  baseband  video  if  these  harmonics  are  not  filtered  prior  to  entering  the 
wideband  discriminator.  Therefore,  a band-limiting  filter  is  required  just  before 
the  discriminator  to  reject  frequencies  above  36  MHz.  Unfortunately,  the  "corner n 
of  the  filter  cannot  be  too  close  to  36  MHz,  otherwise  the  group  delay  charac- 
teristic will  begin  to  deteriorate.  Thus,  a compromise  must  be  reached  between 
the  required  rejection  (or  number  of  poles  in  the  filter),  the  amount  of 
equalization,  and  the  allowable  group  delay  distortion.  With  the  five -pole 
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filter,  shown  in  Figure  5*2.4-21,  the  rejection  at  2(30-6)  = 48  MHz  is  about  1 

25  db.  Since  harmonics  in  the  limiter  output  are  expected  to  be  6 to  10  db 
down,  the  total  rejection  should  be  31  to  35  db.  Because  the  discriminator  is 
quite  wide  (the  upper  resonant  frequency  peak  will  be  at  about  44  MHz  for  an 
IF  of  30  MHz),  attenuation  cannot  be  expected.  Thus,  the  resultant  rejection 
can  be  as  low  as  31  db  (or  2.8$)  for  the  extreme  case  of  minimum  rejection  in 
the  filter,  maximum  harmonics  out  of  the  limiter,  with  a signal  that  has 
frequency  components  out  to  the  lower  corner  of  the  IF  passband. 

In  order  to  keep  the  video  response  "flat"  to  at  least  6 MHz, 
the  discriminator  circuit  must  pass  signals  we  11  above  6 MHz,  and  so  does  not 
provide  any  appreciable  attenuation  to  the  IF  signal.  As  a result,  the  signal 
which  results  from  the  IF  "leakage"  to  the  video  amplifier  is  larger  (by  about 
30  db)  than  the  demodulated,  or  video,  signal.  Since  the  video  amplifier  has 
significant  gain  at  the  IF,  if  the  IF  leakage  were  not  attenuated  prior  to  the 
video  amplifier,  there  would  be  significant  intermodulation  and  possibly  satura- 
tion in  the  video  amplifier.  To  prevent  intermodulation  and  possibly  saturation, 
it  would  be  necessary  to  provide  at  least  40  db  of  attenuation  to  the  lowest 
frequency  in  the  IF  passband.  This  would  make  the  leakage  signal  about  10-db 
below  the  desired  signal.  It  then  would  be  necessary  to  rely  on  a limited 
frequency  response  in  other  video  components  of  the  OHRS  system  to  provide  the 
additional  attenuation.  Although  other  video  components  will  provide  attenua- 
tion to  frequencies  below  24  MHz,  it  is  believed  that  it  is  not  advisable  to 
depend  upon  this  attenuation.  Therefore,  a video  filter  will  be  used  before  the 
video  amplifier  which  has  been  designed  to  provide  a minimum  of  50  db  of 
attenuation  at  24  MHz.  The  calculated  rejection  for  the  filter  design  (Figure 
5.2.4-22)  is  68  db,  which  would  make  the  IF  leakage  approximately  38  db  below 
the  video.  Even  though  large  rejection  is  obtained  in  the  video  filter,  the 
delay  distortion  of  the  filter  Is  negligible  because  it  is  a band -reject  filter. 

Nutation  of  the  received  signal  to  provide  tracking  error  is 
not  expected  to  produce  any  interference  in  the  video  channel.  The  nutation 
causes  an  amplitude  modulation  at  the  nutation  frequency  (100  Hz),  which  is 
removed  by  the  limiter.  In  addition,  the  video  bandwidth  extends  from  1 MHz  to 
5 MHz,  so  that  the  appearance  of  any  100-Hz  component  (or  its  harmonics)  is  well 
outside  the  video  passband. 


5.2*4-28 


Report  Wo.  4033,  Vol.  I,  Part  1 


With  regard  to ' interference,  at  the  present  time,  there  are 
two  areas  of  concern,,  which  are: 

• Coupling  of  HP  signals  within  the  frequency  range  of 
approximately  1 to  50  MHz,  into  the  infrared  mixer 
element,  coaxial  cable  or  IF  preamplifier 

• High-level  signals  in  the  video  passband  of  1 to  6 MHz, 
such  as  can  be /produced  by  the  laser  modulator,  or 
other  ATS -F  experiments,  coupling  into  any  of  the 
receiver  circuits 

With  regard  to  the  first  area  of  concern,  careful  shielding 
will  be  provided  for  the  mixer  element,  coaxial  cable,  and  IF  preamplifier  to 
prevent  signals  in  the  frequency  range  of  1 to  50  MHz  from  saturating  the  IF 
preamplifier.  The  only  signals  in  this  frequency  range  within  the  LCE  that 
might  be  strong  enough  to  saturate  the  IF  preamplifier  are  in  the  laser 
modulator  with  frequencies  of  1 to  6 MHz.-  To  saturate  the  preamplifier,  a 
signal  of  approximately  -55  dbm  at  the  input  is  required.  Since  the  case  should 
provide  about  80  db  of  shielding  in  this  frequency  range  (limited  by  seam  and 
gasket  leakage),  the  interfering  signal  must  produce  a field  that  can  induce 
greater  than  +45  dbm  at  the  preamplifier  location.  Even  the  laser  modulator 
will  not  Produce  signals  of  such  a high  level.  Coupling  into  the  cable  between 
the  mixer  and  the  preamplifier  will  likewise  be  reduced  by  the  cable  shielding; 
this  is  discussed  elsewhere  in  this  report. 

In  addition  to  the  above  considerations,  any  signals  in  the 
IF  passband  must  be  attenuated  below  the  noise  .level  of  the  IF  preamplifier  so 
as  not  to  degrade  the  signal.  At  the  present  time,  there  are  no  known  sources 
of  interference  operating  within  the  IF  passband  so  that  normal  filtering  and 
shielding  will  be  adequate. 

The  second  area  of  concern  is  a potential  problem  at. the  video 
amplifier , where  the  signal  and  interference  are  at  the  same  frequency  (IF 
filters  will  attenuate  the  video  signal).  The  signal  level  at  the  video  ampli- 
fier input  is  approximately  -40  dbm.  Since  it  is  required  that  the  interference 
be  at  least  30  db  below  the  signal  level,  the  induced  signal  must  be  no  more  than 
-TO  dbm.  With  80  db  of  shielding  effectiveness,  the  field  must  be  capable  of 
producing  +10  dbm,  into  a small  wire  or  component  with  dimensions  on  the  order 
of  1 cm  at  an  impedance  level  of  approximately  50  ohms.  This  would  call  for  a 
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field  of  greater  than  200  volts/meter  which  is  clearly  not  going  to  he  produced 
by  any  component  within  the  LCE  system. 

Thus,  at  the  present  time,  there  are  no  interference  condi- 
tions that  can  degrade  the  receiver  performance.  This  discussion  will  be 
expanded  in  future  design  review  documents  and  the  question  of  potential  inter- 
ference will  be  in  constant  review. 

5. 2. 4.3 .1-4  Frequency  Error  Channel 

This  channel  provides  an  error  voltage  by  amplifying  the  output  of 
the  discriminator  in  a dc -coupled  afc  amplifier  with  a limited  frequency 
response.  Video  signals  will  be  present  but  the  video  signals  will  be  above 
1 MHz,  so  that  no  low-pass  filter  is  needed  ahead  of  the  afc  amplifier.  The 
presence  of  video  signals  in  the  afc  output  could  be  troublesome.  However, 
since  afc  channel- frequency  response  will  be  limited  to  about  10  kHz,  the  * 
video  components  coming  out  of  the  afc  amplifier  will  be  quite  small  (as  much 
as  90  db  down).  Since  the  afc  error  signal  is  derived  from  the  same  discrimi- 
nator as  is  used  in  the  video  communications  channel  the  circuit  will  be 
operative  over  a 'very  large  frequency  range  (greater  than  29  MHz). 

3. 2-4. 3*1*5  Tracking  Error  Channel 

The  tracking  error  channel  requires  phase  detection  of  the  amplitude 
and  phase  modulation  produced  by  nutation.  Since  there  are  no  video  components 
below  1 MHz,  there  are  no  problems  with  interference  between  the  video  and  the 
100  Hz  nutation  frequency.  The  details  of  the  overall  tracking  system  require- 
ments are  given  in  the  tracking  system  analysis  (Appendix  B). 

5. 2. 4. 3*1. 6 Acquisition  and  Acquisition-Confirm  Pulse  Channels 

The  acquisition  and  acquisition-confirm  pulse  channel  circuits  are 
under  preliminary  design.  The  system  requirements  of  these  two  channels  are 
given  in  Appendix  B-  _ 

5. 2. 4. 3*2  Circuit  Designs 

The  information  in  the  following  paragraphs  contains  highlights  of 
the  various  circuit  designs.  It  illustrates  the  performance  capabilities  of 
the  breadboard  circuits  and  points  out  where  additional  work  may  be  required  to 
obtain  the  desired  performance  or  where  problems  may  exist.  At  the  present  time, 
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no  problem  areas  exist  and  the  only  areas  where  additional  work  is  required 
are  in: 


• Reducing  the  IF  preamplifier  noise  figure 


© Determining  the  optimum  tradeoffs  between  filter 

requirements,,  group-delay  distortion,  and  equalizer 
capabilities 

• Increasing  the  power  output  capability  of  the  IF 
post -amplifier 

.Hone  of  these  areas  represent  any  technical  difficulty,  and  these  requirements 
can  be  resolved  with  proper  attention  to  the  engineering  design. 


All  of  the  data  are  for  circuit  designs  at  an  IF  of  20  MHz.  No 
technical  problems  are  anticipated  in  realizing  equal  or  better  performance 
at  30  MHz. 

5«2»4.5»2»1  IF  Preamplifier 

The  important  performance  characteristic  in  the  IF  preamplifier 
is  its  noise  figure.  Since  the  resistance  looking  back' into  the  infrared 
mixer  will  be  greater  than  the  optimum  source  resistance  for  the  preamplif ier , 
an  input -matching  network  that  does  not  narrow  the  bandwidth  is  required.  Figure 
5.2.4-23  shows  noise-figure  data  as  a function  of  source  resistance  for  various 
matching  networks.  The  noise  figure  can  be  optimized  to  approximately  2 db 
over  a fairly  broad  range  of  source  resistance.  Noise  figure  measurements  will 
be  made  with  other  transistors,  and  it  is  expected  that  the  noise  figure  can  be 
reduced  to  1.5  db. 

The  nominal  gain  of  the  IF  preamplifier  is  2 6 db  and  is  flat  to 
within  fractions  of  1 db  from  10  to  50  MHz. 

5. 2. 4. 3- 2. 2 Noise  Bandwidth  Filter 

The  noise  bandwidth  filter  is  a 3“P°le  filter  with  a bandwidth  of 
12  MHz  at  approximately  l/4  db,  and  a 3-db  bandwidth  of  approximately  23  MHz. 

The  equivalent  noise  bandwidth  will  be  adequate  if  the  earrier-to-noise  ratio  in 
a 12-MHz  bandwidth  is  23  db . The  3“db  bandwidth  is  intentionally  wide  so  that 
there  will  be  negligible  attenuation  or  group  delay  distortion  in  the  IF  pass- 
band  . 
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5* 2. 4.3*2. 3 IF  Post -amplifier 

Figure  5 *2. 4-24  shows  the  power  output  vs  power  input  for  the  IF 
post-amplifier.  The  amplifier  (which  includes  the  age  circuit)  has  a nominal 
gain  of  4 3 db,  with  an  age  threshold  set  at  approximately  -50  dbm  (this 
corresponds  to  s/h  of  about  17  db).  Present  work  is  directed  at  improving  the 
amplifier  so  that  the  age  action  is  more  abrupt  and  the  output  power  is  higher. 
Initial  attempts  to  increase  the  output  power  have  been  marginal  because  the 
broad  frequency  response  is  degraded  by  the  transformers. 

5*2. 4. 3-2-4  Equalizer 

An  equalizer  has  been  designed  to  reduce  the  group  delay  distortion 
of  the  receiver.  The  major  part  of  the  equalization  will  be  to  compensate  for 
the  delay  distortion  introduced  by  the  channel  filter.  The  remaining  circuits 
in  the  receiver  should  not  contribute  any  appreciable  distortion. 

3 *2. 4. 3 -2. 5 Limiter 

The  breadboard  limiter  circuit  at  20  MHz  provides  about  0.6  db  of 
output  change  for  an  input  variation  of  10  db  centered  at  an  input  power  of 
0 dbm  (Figure  5*2.4-25).  The  previous  design  was  for  the  IF  post-amplifier  to 
deliver  -5  dbm  to  the  limiter.  At  that  level,  the  variation  was  similar  hut  the 
phase  linearity  was  not  good  enough. 

Figure  5*2.4-26  shows  the  limiter  frequency  response.  Although  the 
response  is  very  flat,  it  must  be  appreciated  that  the  amplitude  response  of 
the  amplifier  driving  the  limiter  diodes  is  lost  in  the  limiting  action.  More 
significant  information  is  contained  in  Figure  5.2.4-27  which  shows  the  phase 
linearity  of  the  limiter.  Because  of  the  linearity,  the  group-delay  distortion 
will  be  quite  small  (less  than  1 nanosec/MHz ) . 

5. 2*4. 3*2. 6 Channel  Filter 

The  calculated  characteristics  of  the  30  MHz  channel  filter  have  been 
shown  before  in  Figure  5*2.4-21. 

5. 2. 4. 3*2. 7 Discriminator 

Figure  5*2.4-28  shows  the  discriminator  linearity  (the  most 
important  parameter)  versus  frequency.  The  linearity  for  an  input  power  level 
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of  0 dbm  is  better  than  2 $ over  the  entire  IF  passband.  Similar  linearity 
was  obtained  with  earlier  versions  of  this  discriminator,  but  the  earlier 
versions  required  a higher  input  power  level.  Figure  5.2.4-29  shows  the  per- 
formance of  an  early  version  that  was  optimized  at  +5  dbm.  Note  that  very, 
little  degradation  of  linearity  occurs  when  the  input  power  level  changes. 

This  can  be  seen  by  observing  the  linearity  of  the  curves  for  +4  dbm  and  +6  dbm, 
which  is  a change  of  +1  db  from  the  nominal  level.  This  is  a larger  change 
than  is  expected  since  the  limiter  and  age  circuits  are  expected  to  hold  the 
power  level  constant  to  less  than  +0*5  db.  Although  these  measurements  were 
performed  on  the  discriminator  that  was  optimized  for  a +5  dbm  input  level, 
the  results  should  be  the  same  for  the  final  discriminator  design. 

The  variation  of  discriminator  linearity  as  a function  of  load 
impedance  is  shown  in  Figure  5.2.4-30  for  the  +5  dbm  discriminator.  Again, 
the  '-results  should  be  the  same  for  either  discriminator.  Figure  5.2.4-30  shows 
that,  while  the  linearity  is  not  seriously  affected  by  load  impedance,  the  • 
output  voltage  will  decrease  with  decreasing  load  resistance.  Therefore,  it  is 
more  important  that  the  load  be  independent  of  frequency  than  independent  of 
timej  that  is,  it  is  important  that  the  input  impedance  to  the  video  amplifier 
be  constant  with  frequency  up  to  the  highest  video  frequency.  The  present 
design  is  expected  to  oe  constant  at  1 kilohm,  so  that  no  problems  are  expected 
with  load  variation. 

Measurements  of  the  discriminator  characteristic  as  a function  of 
temperature  have  also  been  made  and  the  effects  are  negligible  over  the  tempera- 
ture range  of  10°C  to  30°C.  Additional  measurements  will  be  made  over  a wider 
temperature  range  when  the  30-MHz  discriminator  is  made. 

5*2. 4. 3. 2. 8 Video  Filter 

The  calculated  response  of. the  video  filter  was  discussed  earlier 
and  is  shown  in  Figure  5*2.4-22.  The  actual  response  is  expected  to  be  very 
nearly  the  same  as  the  calculated  response. 

5*2. 4. 3. 2-9  Video  Amplifier 

The  video  amplifier  is  flat  within  fractions  of  1 db  from  1 to  6 MHz . 
Its  phase  characteristic  is  quite  linear  from  1 to  6 MHz,  and  is  shown  in  Figure 
5.2.4-31. 


5*2.4-33 


Report  No.  4033?  Vol.  I,  Part  1 


The  video  amplifier  can  deliver  1 volt  peak-to-peak  into  either  50 
ohms  or  75  ohms  with  about'. a 10-db  margin.  Figure  5. 2. 4-32  shows  the  output- 
power  versus  input-power  characteristic  for  a 50-ohm  load. 

5.2.4.3.2.10  Acquisition  Bandpass  Filter 

The  acquisition  bandpass  filter  for  the  30-MHz  IF  will  be  a four- 
pole  filter  with  a 4-MHz  bandwidth  at  the  0.5-db  points.  The  filter  is  of 
conventional  design  and  has  no  special  requirements. 

5.2.4.3.2.11  AM  Detector 

The  AM  detector  is  straightforward.  It  will  operate  as  a square- 
law  detector  for  the  low-level  signals  that  will  be  experienced  during 
acquisition. 

5.2.4.3.2.12  Tuned  Audio  .Amplifier 

The  selectivity  characteristics  of  the  tuned  audio  amplifier  are 
shown  in  Figure  5*2.4-33.  The  amplifier  is  a twin -tee  filter  tuned  to  100  Hz. 
Tiie  rejection  to  200  Hz  (the  second  harmonic)  is  approximately  10  db. 

5.2.4.3.2.13  Phase  Detectors 

The  phase  detector  output  voltage  versus  percent  amplitude  modula- 
tion is  shown  in  Figure  5.2.4-34.  The  data  were  taken  with  a signal  of  -45  dbm 
into  the  IF  post -amplifier,  which  corresponds  to  a signal  with  a c/n  of  19  db. 
The  output  voltage  for  a phase  difference  of  l80  degrees  is  equal  to  the  voltage 
for  a phase  difference  of  360  degrees  except  for  the  algebraic  sign.  Varying 
the  phase  between  0 and  180  degrees  causes  the  signal  to  change  from  negative 
to  positive,  with  a minimum  at  90  degrees. 

5.2.4.3*2.l4  Mixer  Bias  Control 

The  mixer  bias  control  circuit  provides  a regulated  voltage  to  the 
mixer  to  maintain  constant  bias  voltage.  The  output  current  is  limited  to 
prevent  damage  to  the  mixer.  The  characteristics  of  the  circuit  are  shown  in 
Figure  5-2.4-35.  The'  normal  region  of  operation  is  expected  to  be  above  50 
ohms  and  below  300  millivolts  where  the  regulation  is  good. 
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TABLE  5-2. 4-1 

PROJECTED  PERFORMANCE  AT  HIGH-TEMPERATURE  LIMIT  FOR 
OHRS  FLIGHT  AMD  GROUND  MODE  IE 


Mixer  Temperature 


105  +5°K 

(Previous 
OHRS  Spec) 

110  +15°K 
(OHRS  Spec 

Post -amplifier  NF  (db  ) 

8 

8 

Post-amplifier  temperature  (°K) 

1485 

1485 

Preamplifier  gain  (db) 

26 

26 

Eff.  post -amplifier  noise  temperature  (°K) 

3-7 

3-7 

Preamplifier  NF  (db) 

1.8 

1.8 

Preamplifier  noise  temperature  (°K) 

148 

148 

Total  IF  noise  temperature  (°K) 

3-51-7 

151.7 

Cable  loss  (db ) T^  - 200  K 

0.25 

0.27 

Effective  IF  noise  temperature  (T'  ) (°K) 

172 

174 

Maximum  mixer  temperature  (T^)  (°K) 

105 

125 

(Tm  + tif)  (°k) 

277 

299 

Quantum  efficiency  ($>) 

20 

13 

P / (w/Hz  x 10'19) 
min  f 

•935  . 

1.435 

(ohms) 

100 

100 

f/fc 

•54 

.6 

f = (1  + (f/fg)2)"1 

• 775 

•735  ’ 

P^  (mw)  (10$  thermal  degradation) 

3-6 

6.25  ’ 

Mixer  gain,  G (db) 

-3-9 

. -5-5 

Thermal  noise  term  (w/Hz  x 10  ~^) 

•0935 

.144 

HEP  (w/Hz  x 10~19) 

1.05 

1.58 

Table  5. 2. 4-1 
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Figure  5.2. 4-3 
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Figure  5. 2. 4-5 
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Quantum  Efficiency  Versus  Temperature 
in  Photovoltaic  (Hg,  Cd)  Te 


Figure  5.2. 4-6 
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Figure  5 -2. 4-7 
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Effective  IF  Noise  Temperature  vs  Cable  Loss 


Figure  5.2.4-10 
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Figure  5-2.4-18 
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Figure  5 • 2 . 4-19 
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Figure  5*2.4-81 
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Figure  5.2.4-25 
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Measured  Discriminator  Output  Versus  IF  Frequency 


Figure  5*2.4-28 
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Figure  5.2.4-32 
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5*2.6  Power -Supply  Subsystem 

5*2. 6.1  Requirements 

The  power-supply  subsystem  furnishes  all  electrical  power  to  the 
LCE  transceiver  subsystems.  It  must  provide  current-regulated  high  voltage 
to  the  transmitter,  local  oscillator  and  backup  lasers.  The  supplies  for  the 
transmitter  and  local  oscillator  must  be  redundant  because  of  reliability 
considerations.  In  addition  to  providing  these  current  regulated  outputs,  a 
high-voltage  starting  pulse  circuit  for  each  tube  is  required.  The  power- 
supply  subsystem  also  supplies  +12  volts,  +5  volts  and  +225  volts  for  the 
processing  and  control  circuitry.  The  detailed  requirements  for  the  power 
supply  are  contained  in  Aerojet  Specification  20515.  Table  5. 2. 6-1,  which 
was  taken  from  this  specification,  summarizes  all  of  the  output  requirements. 
The  most  stringent  performance  requirements  are  applied  to  the  high-voltage 
laser  tube  outputs,  principally,  the  low-frequency  ripple  requirement  and 
the  efficiency  requirement.  Therefore,  the  following  discussion  will 
emphasize  the  high-voltage  portion  of  the  power  supply. 

5-2. 6. 2 Design  Approaches  Considered 

The  simplest  method,  of  obtaining  a current  source  is  to  use  a 
ballast  resistance  in  series  with  the  load.  This  approach  is  simple  but  has 
the  disadvantage  of  being  rather  inefficient  for  high  values  of  resistance 
and  sensitive  to  primary  power-line  ripple  for  low  values  of  ballast  resistor. 
The  minimum  value  of  ballast  resistor  to  obtain  a positive  load  resistance  is 
greater  than  100K  assuming  a laser  impedance  of  -100K.  With  this  value,  the 
ripple  output  of  the  supply  must  be  extremely  low  since  the  load  is  almost 
0 ohms.  To  alleviate  this  problem,  higher  values  can  be  used  but  this 
reduces  the  power  supply  efficiency.  Another  approach  considered  was  the  use 
of  a feedback  loop  around  the  high-voltage  section,  thus' eliminating  the 
ballast  resistor.  This  approach  requires  a loop  settling  time  in  the  order  of 
10  microseconds.  It  was  considered  that  this  settling  time  was  not  consistent 
with  the  characteristics  of  realizable  transformers  and  the  requirements  for 
output  filtering. 
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In  order  to  optimize  efficiency,  improve  input /out put  ripple 
rejection  and  reduce  the  dependence  of  the  design  on  high-voltage  transformer 
or  laser  characteristics,  a design  was  conceived  based  on  the  use  of  active 
high-voltage  current  regulators  and  switching  preregulators.  This  approach 
had  the  advantage  that  the  effective  output  impedance  of  the  current  regulator 
can  be  very  high  and  the  overall  efficiency  can  be  optimized.  The  initial 
regulator  design  had  an  output  impedance  of  greater  than  5 megohms  over  the 
operating  temperature  range.  It  consisted  of  five  cascaded  Darlington  cir- 
cuits in  a closed-loop  system  utilizing  an  operational  amplifier  to  control 
the  current.  One  of  these  regulators  was  connected  in  series  with  each  laser 
anode.  To  optimize  the  overall  efficiency  of  each  high-voltage  supply,  a 
preregulator  was  added  that  receives  its  sense  voltage  from  the  output  voltage 
section.  This  allows  the  voltage  drop  across  the  output  to  be  minimized  at 
each  programmed  current  level,  A switching  regulator  was  used  instead  of  a 
class  A regulator  to  improve  the  efficiency. 

The  main  disadvantage  of  this  approach  is  the  complexity  of  the 
circuitry  required  to  withstand  approximately  1800  volts  in  the  event  of  a 
shorted  output.  To  eliminate  this  problem  without  significantly  increasing 
the  sensitivity  to  low-frequency  ripple,  the  1800-volt  current  regulator  has 
been  replaced  with  a simple  one-transistor  regulator  for  each  anode  output. 

To  further  protect  the  regulator,  two  high-voltage  outputs  are  being  used 
with  one  regulator  in  each  output  return  line.  This  change  allows  the 
transistor  to  operate  within  a maximum  of  200  volts  positive  potential.  In 
addition,  a Zener  diode  is  provided  to  limit  the  maximum  collector-to-emitter 
voltage  to  200.  volts.  To  limit  the  maximum  short-circuit  current,  a small 
ballast  resistor  (approximately  40K)  has  been  added  and  high-voltage  quad- 
ruples have  been  designed  to  supply  a limited  amount  of  power. 

This  change  has  eliminated  18  transistors  and  two  i.c.  operational 
amplifiers  from  each  supply,  for  a total  reduction  of  80  transistors  and 
10  i.c.  amplifiers.  This  change  has  resulted  in  a reduction  in  the  output 
impedance  from  greater  than  5 megohms  to  approximately  500  kilohms;  however, 
this  reduction  has  been  compensated  by  increasing  the  operating  frequency  of 
the  converter  to  20  kHz,  The  increased  operating  frequency  has  been  possible 
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because  of  the  use  of  a voltage  quadrupler  which  has  allowed  the  use  of  a 
lower  voltage  on  the  transformer  secondary  winding.  The  efficiency  of  the 
high-voltage  supply  has  been  reduced  somewhat  by  this  change  but  it  is  con- 
sidered that  the  simplification  and  resulting  improvement  in  reliability 
justifies  this  change. 

It  has  been  suggested  by  NASA  that  a closed-loop  system  utilizing 
an  inductor  for  a oallast  could  satisfy  the  system  requirements . The  success 
of  this  system  depends  on  limiting  the , amount  of  capacity  in  parallel  with  the 
laser  to  less  than  2000  pf . This  condition  is  satisfied  by  operating  the 
converter  at  a higher  frequency  (>  20  kHz)  thereby  reducing  the  filter 
capacitor  requirements. 

This  approach  has  -two  main  disadvantages.  The  first  is  the 
extremely  high  ripple  voltage  on  the  high-voltage  line,  which  will  require 
additional  shielding  to  prevent  interference  with  other  electronics.  Another 
disadvantage  is  the  lack  of  low-frequency  ripple  rejection.  The  design  of 
the  control  loop  must'  have  a very  fast  response  time  to  prevent  low-frequency 
dither  and  it  is  questionable  if  it  can  be  realized  considering  the  gain/ 
phase  characteristic  dictated  by  the  tube  shunt  capacity  limitation  of  2000  pf 
and  the  low-frequency  response  of  the  high-voltage  transformer.  In  regard  to 
eliminating  active  components  ir.  the  high-voltage  section,  this  approach,  as 
with  the  Aerojet  present  design,  requires  active  components  in  the  return  line 
of  the  high-voltage  supply. 

5 .2.6. 3 Power -Supply  Design  Description 

5. 2. 6. 3-1  High-Voltage  Circuit  Design 

Figure  5. 2. 6-1  shows  a functional  block  diagram  of  the  power 
supply-  The  function  of  each  block  is  described  below. 

H .V . Preregulator  • 

The  preregulator  provides  three  functions.  It  provides  the 
necessary  spacecraft  command/ power  supply  interface  circuitry,  and  the  means 
to  control  the  voltage  drop  across  the  output  current  regulator  to  optimize 
the  efficiency  and  provide  approximately  35  db  of  primary  power  ripple 
rejection.  This  regulator  utilizes  pulse  regulating  techniques  to  minimize 
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losses.  Hie  switching  frequency  is  approximately  40  kHz.  Hie  feedback  sense 

i 

voltage  is  generated  by  the  Voltage  sense  circuit. 

' Voltage  Sense  Circuit 

The  voltage  sense  circuitry  senses  the  voltage  drop  across  each 
of  the  two  laser  anode  current  regulators  and  generates  a preregulator  sense 
voltage  that  adjusts  the  output  of  the  preregulator  so  that  the  average 
voltage  drop  across  the  two  output  current  regulators  is  approximately  80 
volts  after  the  laser  is  ignited.  To  maintain  good  input/output  isolation, 
current  mode  coupling  is  used  between  the  input  and  output  circuits . Any 
possible  high-voltage  discharge  through  this  circuit  is  virtually  eliminated 
by  voltage  limiting  Zeners,  current  limiting  resistors,  and  shielding  of  the 
current  regulator. 

Driver  Oscillator 

This  square-wave  oscillator  generates  the  necessary  drive  voltage 
for  the  converter;  a separate  oscillator  is  used  so  that  a non-saturating 
transformer  can  be  used  in  the  converter  for  higher  efficiency. 

Converter 

The  converter  steps  up  the  output  voltage  of  the  square  wave 
oscillator  to  several  hundred  volts  for  the  rectifier  filter  circuitry.  The 
absolute  voltage  level  that  is  generated  will  depend  on  which  laser  is  being 
supplied.  The  transformer  utilized  in  this  design  incorporates  electrostatic 
shielding  to  prevent  possible  discharge  from  the  high-voltage  to  the  low- 
voltage  section. 

Rectifier  Filter 

Each  of  the  two  high-voltage  outputs  of  the  converter  are  rectified 
and  filtered  by  a voltage  quadrupler . Using  a quadrupler  reduces  the  trans- 
former turns  ratio  making  it  possible  to  operate  at  a higher  frequency.  The 
tentative  operating  frequency  is  20  kHz,  well  above  the  critical  ripple  current 
frequencies . 
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Current  Regulators 

Each,  quadrupler  has  a single  transistor  current  regulator  located 
in  the  ground  side  of  the  output.  These  current  regulators  are  protected  in 
case  of  a discharge  by  Zener  diodes  and  a ballast  resistor  of  approximately 
^-QK  -which  limits  the  peak  current.  This  current  regulator  has  an  effective 
output  impedance  of  500K  ohms  and  holds  the  current  within  5%  of  its  initial 
value  from  -25°C  to-  +75°C. 

Current  Programmer 

The  current  programmer  allows  the  laser  operating  current  to  be 
changed  to  one  of  four  predetermined  levels  by  ground  command.  A counter  is 
used  in  this  programmer;  therefore,  several  commands  may  be  necessary  to  step 
the  programmer  to  the  desired  current  level. 

Starting  Circuit 

The  starting  circuit  provides  a predetermined  amount  of  energy 
to  each  laser  anode  every  time  an  ON  command  is  received.  Isolation  is 
provided  between  the  two  anode  starting  voltage  outputs  so  that  if  one  side 
of  the  laser  ignites  before  the  other  side,  the  starting  circuit  will  not  be 
loaded  down  before  ignition  of  the  second  side.  If  one  side  does  not  ignite 
with  the  application  of  the  first  ON  command,  additional  ON  commands  can  be 
provided  to  reapply  the  starting  energy. 

Redundant  Switching 

This  circuit  determines  which  of  the  redundant  supplies  is  acti- 
vated by  switching  on  the  base  drive  of  the  converter  selected  to  operate. 
Succeeding  ground  commands  will  alternately  command  on  each  supply. 

5. 2. 6. 5*2  Low-Voltage  Circuit  Design  . , 

The  preregulator  for  the  low- volt age  section  is  identical  to  the 
high-voltage  preregulator.  To (minimize  weight  and  insure  high  efficiency, 
the  sense. signal  for  the  preregulator  is  derived  from  the  2.5-amp  +5- volt 
output.  By  using  this  approach,  the  5-volt  line  can  be  easily  regulated 
without  decreasing  the  efficiency  with  output  regulators . 
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Driver  Oscillator 

A ° the  high-voltage  supplies,  this  circuit  generates  the 

necessary  drive  voltage  for  the  converter.  . . 

Converter 

This  is  a saturating  transformer  converter  ^diich  has  isolated  out- 
puts for  the  +12V,  +225V,  and  -!r5V  output. 

Rectifier  Filter 

Pull-wave  rectifiers  are  used  to  rectify  all  the  outputs. 

Output  Regulator 

Three  series  output  regulators  are  used  for  the  +12V  and  +225V 
outputs.  The  only  line  variation  that  these  regulators  must  operate  over  is 
that  variation  caused  by  the  + 5V  closed  loop  which  is  dictated  mainly  by 
transformer  and  5V  rectifier  diode  losses.  Since  this  variation  is  small, 
approximately  +5$j  the  series  element  drop,  can  be  minimized. 

5*2. 6. 3*3  EMI  Considerations 

By  incorporating  separate  input  EMI  filters  for  each  supply 
section  (low  voltage,  transmitter,  LO  and  backup)  fused  on  the  primary  power 

line  side  any  possible  interaction  or  interference  between  supply  sections  is 
eliminated . 

The  active  current  regulator  makes  the  effective  load  equal  to 
approximately  400K.  With  an  allowable  .08$  rms  ripple  current,  the  high- 
voltage  output  can  have  only  1.6V  rms  ripple  for  frequencies  below  50  Hz. 
Reflecting  this  to  the  primary  side  reduces  it  to  approximately  16  mV.  With 
a preregulator  input/output  ripple  rejection  of  35  db,  the  allowable  input 
ripple  is  approximately  600  mV  pp  which  is  considerably  higher  than  the 
spaceci aft  power  supply  input  ripple,'  but  much  lower  than  is  specified  in 
MIL-STD-461,  which  is  5$  rms  of  the  line  or  3.6  VPP- 

5. 2. 6. 3. 4 Efficiency 

The  overall  efficiency* of  the  supply  (low-  and  high-voltage 
sections)  has  been  calculated  using  ballast  resistors,  active  current  regulators 
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only,  and  active  regulators  -with,  partial  ballast  resistors.  These  efficiency 
values  are 

High-Voltage  current  regulator  68$ 

150K  ballast  resistor  46$ 

\ Ballast /regulator  (present  design)  53-5$ 

5*2.6.3»5  Packaging 

The  package  will  consist  of  four  subsections.  Each  section  has 
five  covered  sides  (see  Figure  5 -2.6-2).  When  the  sections  are  bolted 
together,  complete  electrical  isolation  between  supplies  is  obtained.  This 
method  of  packaging  was  chosen  mainly  for  its  multiple  heat-sinking  surfaces, 
which  are  necessary  when  the  mounting  footprint  is  small.  No  interwiring 
between  sections  will  be  required  since  independent  input  EMI  filters  and 
command  lines  are  utilized. 

The  high-voltage  section  of  each  high-voltage  supply  will  be 
completely  isolated  from  the  low-voltage  section. by  internal  walls.  The 
current  regulators  themselves  will  be  enclosed  in  separate  sections  to  protect 
them  from  high-voltage  areas . The  primary  winding  of  each  high-voltage  trans- 
former will  be  completely  shielded  from  the  high-voltage  winding.  To  minimize 
the  possibility  of  corona  discharge,  sharp  edges  will  be  eliminated  and  the 
high-voltage  section  will  be  completely  encapsulated. 

5. 2. 6. 4.1  Potential  Design  Simplification 

The  high-voltage  supplies  can  be  considerably  simplified  by 
deleting  the  current  programmer  capabilities  and  the  high-voltage  sense 
circuitry.  Detailed  investigation  of  the  requirement  for  current  programmer 
capabilities  has  been  performed  in  conjunction  with  the  laser  subsystem 
contractor  and  the  results  indicate  that  the  requirement  can  be  eliminated. 
This  change  is  currently  being  incorporated  into  the  power- supply  specifica- 
tion. This  change  will  also  permit  the  deletion  of  the  preregulator  provided 
that  the  very  low  spacecraft  power-supply  ripple  requirements,  as  specified 
in  Section  3,4«3,1j  are  maintained.  These  deletions  will  reduce  the  component 
count  in  the  transmitter  and  local  oscillator . by  approximately  30$.  In 
addition,  the  input/output  isolation  can  he  significantly  increased.  At  the 
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present  time,  it  is  >10K.  By  sacrificing  approximately  yf>  in  efficiency , the 
high-voltage  converters  can  be  revised  to  a square-core  oscillator,  eliminating 
the  need  for  a driver  oscillator.  These  changes  will  eliminate  approximately 
12  modules,  reducing  fabrication  and  testing  time.  Detailed  investigation  of 
these  potential  modifications  is  being  performed. 

Tlie  low-voltage  ■ supply  could  be  somewhat  simplified  by  eliminating 
the  preregulator.  This  change  is  considered  undesirable,  however,  since  the 
input/ output  isolation  for  the  5- volt  line  would  be  eliminated. 
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POWER-SUPPLY  POWER  OUTPUT  REQUIREMENTS 


Laser 

Transmitter 
H.V.  Current 
Regulator 

Laser  L0 
H.V.  Current 
Regulator 

Operating  Current^1 
(milliamperes,  dc) 

4 +0.2^ 

5 +0.25^' 

Operating  Voltage^ 
(volts,  dc ) 

2000  +100^ 

800  +50^' 

Starting  Voltage 
(volts ) 

5000  +*^' 

2600  ±*~ 

Ripple  Current  (max.) 
(0.5  to  50  Hz 
(50  Hz  to  1 Hz) 

(1  kHz  to  10  kHz) 

0.08$  PP 
1$  F-P 
5$  P-P 

0.08$  PP 
1$  P-.P 
3$  P-P 

Ripple  Voltage  (max-) 
(millivolts  P-P) 
(millivolts  rms) 

Load / Li  ne  Regulat i on^y 
(milliamperes,  dc W 
(millivolts,  dc) 

(5  Hz  to  50  kHz) 

Efficiency^ 

0.2-^ 

0.062^ 

Temperature  Coefficient 
(0  to  140°F) 

■ 5$/°C 

• 5$/°C 

Backup  Laser 
H.V.  Current 
Power  Supply 

Nut at or  & 
IMC  Driver 
Power  Supply 

Low -Volt age 
+12V 

Power  Supply 
5V 

4 +0.2-/ 

.1  to  23 

100  to  23 ^ 

1500  uc  2500 

2000  +i00—/' 

225  +3-4^ 

r / 

+12  40.225^ 

p +0.2  5^ 

5000  +*^ 

- 

- 

- 

0.08$  PP 

1$  P-P 

- 

- 

- 

3$  P-P 

** 

150 

15 

00 

- 

50 

2 

100 

0.2 - 

3400^ 

22  $ 

250^ 

. 5$/°C 

. 1$/°C 

.1$/°C 

.1$/°C 

1 — • 


l/  Initial  tolerance. 

2/  Line  change  +7$. 

3 / Load  change  resulting  in  a lOO-volt  change  in  output  voltage- 

Load  change  resulting  in  a 100-volt  change  in  output  voltage. 

5 / Load  change  resulting  in  a 150-volt  change  in  output  voltage, 

b j Load  M of  50$ - 

jj  Overall  efficiency  shall  be  greater  than  70$  from  50$  of  full  load  to  maximum  rated  load. 
2/  To  each  of  the  tubes  two  anodes. 

9/  Load  impedance  variation  of  +20$ . 

10/  Current  required  from  each  12V  source. 

11/  Load.  £1  of  30$. 


Note:  Cathodes  of  the  laser  tubes  shall  be  operated  near  ground  potential. 
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TYPICAL  HIGH  VOLTAGE  SUPPLY, 
ONE  REQUIRED  FOR  EACH  LASER 


A MODE  NO.  1 


ANODE  NO.  7 


LCE  POWER  SUPPLY  BLOCK  DIAGRAM 
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Figure  5- 2. 6-2 


MOUNTING  SURFACE 
FOR  MODULES 
AND  BOUNDS 


TYPICAL  INPUT 


TYPICAL  COMPLETELY  ENCLOSED 
FOR  HIGH  VOLTAGE  SECTION  AND 
LOW  VOLTAGE  OUTPUT  REGULATORS 


LOW  VOLTAGE  OUTPUT 
CONNECTOR 


PROPOSED  L.C.E,  POWER  SUPPLY  CONFIGURATION 
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3*2. T Telemetry  and  Command  Subsystem 

The  design  requirements  and  signal  characteristics  of  the  telemetry 
and  command  subsystem  for  the  LCE  spacecraft  transceiver  are  related  intimately 
to  the  electrical  interface  with  the  spacecraft,  through  which  these  signals 
are  routed.  These  LCE  telemetry  and  command  interface  design  requirements  and 
characteristics  are  described  in  paragraphs  5. b. 3.2  and  5. k. 3. 3,  respectively. 
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5-3  TECHNICAL  AREAS  OF  CONTINUING  DEVELOPMENT 

? 

As  described  in  the  preceding  sections,  there  were  several  tech-, 
nical  areas  that  required  investigation,  further  development  and  experimental 
and/or  analytical  resolving  in  order  to  insure  a successful.  LCE  Program, 

Also,  as  described  in  the  preceding  sections,  investigations  in  all  of  these 
areas  havd  resulted  in  a system  design  that.  It  is  believed,  (l)  can  be 
successfully  fabricated  and  (2)  -will  satisfy  the  LCE  requirements. 

Certain  areas  still  require  final  resolving,  although  the  ana- 
lytical, experimental,  and  design  efforts  to  date  have  resulted  in  a high 
confidence  that  the  present  solutions  ‘will  satisfy  the  LCE  requirements . In 
particular,  these  areas  are  (l)  the  laser  tube,  (2)  the  duplexer,  and  (3) 
the  radiation  cooler.  Final  development  work  is  being  performed  in  each  of 
these  areas  and  will  continue  until  the  solutions  are  proved.  The  develop- 
ment programs,  along  with  some  analysis  and  the  basis  for  confidence,  are 
described  below. 

5*3*1  Laser -Tube  Development 

A space -qualified  CO^  laser  tube  for  the  Laser  Communication 
Experiment  requires  an  operating  life  greater  than  2,000  hours  and  a shelf 
life  greater  than  2 years.  An  operating  life  time  of  more  than  10,000  hours 
has  been  demonstrated  by  Sylvania,  using  a C02  laser  with  a water-cooled 
quartz  discharge  tube,  a large  gas  ballast,  and  self -heated  nickel  electrodes. 
However,  no  comparable  life  data  are  available  for  a space -qualified, 
conduction -cooled  laser  tube.  One  ceramic  tube  constructed  under  the  head- 
start program  fpr  NASA  (NAS  12-2021)  has  been  operated  over  1200  hours.  The 
life  of  this  tube  was  terminated  when  a small  leak  developed  at  one  of  the 
torr -sealed  windows. 

Therefore,  In  order  to  provide  confidence  that  the  laser -tube 
life  requirements  of  the  LCE  program  will.be  achieved.  Aerojet  has  initiated 
a laser -tube  development  and  life-test  program  at  Sylvania.  The  objective  of 
this  program  is  to  develop  confidence  in  a final  tube  design  which  will  meet 
the  requirements  of  the  LCE  subsystem 
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The  first  part  of  the  program  has  been,  completed.  It  consisted  of 
an  experimental  phase  to  determine  the  most  important  life -limiting  factors 
in  the  design  of  the  laser  tubes.  The  principal  factor  studied  was  the  design 
of  the  cathode.  This  phase  included  experimental  investigations  of  various 
cathode  configurations,  with  particular  attention  given  to  the  effects  of 
sputtering.  The  next  phase  of  the  program  will  include  the  construction  of 
six  life -test  tubes,  each  of  slightly  different  design,  reflecting  the  results 
of  the  design  review  held  at  the  conclusion  of  the  first  phase  of  the  program. 
These  tubes  will  be  operated  on  a life  test  for  up  to  3,000  hours. 

The  conclusion  of  this  test  will  complete  the  basic  life-test 
program.  However,  Aerojet  has  proposed  the  extension  of  the  program  to 
include  the  fabrication  and  testing  of  12  additional  transmitter  tubes  of 
the  design  found  to  be  most  successful  in  the  preceding  phase,  plus  six 
local-oscillator  tubes.  This  extended  life -test  program  will  provide  signifi- 
cant life -test  data  on  the  flight -configured  tubes  prior  to  delivery  of  the 
prototype  laser  subsystem  and  specific  data  to  increase  the  confidence  of 
achieving  the  laser  subsystem  reliability  goals.  Each  of  these  phases  will 
be  described  in  greater  detail  In  the  following  sections. 

3.3, 1.1  Life^Pest  Program,  Experimental  Phase 

The  experimental  phase  of  the  life -test  program  was  designed  to 
permit  selection  of. the  important  life -limiting  parameters  involved  in  the 
operation  of  the  LCE  lasers.  This  phase  of  the  program  has  nearly  been  com- 
pleted, and  the  results  to  date  are  summarized  below. 

In  order  to  measure  cathode  fall  and  voltage  drop  as  a function 
of  distance,  an  experimental  discharge  tube  (shown  in  Figure  5.3. 1-1 ) having 
a 4 -mm  ID  was  constructed  with  a movable  anode  and  filled  with  a standard 
laser  mix.  The  tube  voltage  at  5 ma  current  was  measured  as  a function  of 
anode -cathode  separation.  These  data  are  shown  in  Figure  5. 3. 1-2.  The 
figure  shows  a voltage  slope  of,  l80  v/cm,  and  a cathode  fall  voltage  of 
approximately  350  v.  This  shows  that  very  short  tubes  (less  than  a few 
centimeters  anode-cathode  separation)  will  have  relatively  low  efficiency 
due  to  the  large  fraction  of  the  input  voltage  dropped  across  the  cathode. 
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A measurement  of  current  density  and  cathode  area  for  optimal 

filling  of  a coaxial  cathode  operating  at  10  ma  was  next  performed.  For 

this  test,  a discharge  tube  (shown  in  Figure  5*5*1~3)  with  a large  convex 

nickel  cathode  was  constructed.  The  size  of  the  glow  region  at  the  cathode 

was  measured  as  a function  of  current.  The  current  density  was  approximately 

2 q 

constant  at  4 ma/cm  . Therefore,  2.5  crrT,  minimum,  are  required  for  10  ma 
total  current.  As  the  gas  pressure  is  reduced,  the  spot  size  increases,  at 
the  standard  current  of  10  ma,  indicating  that,  as  the  tube  ages  and  its 
pressure  drops,  more  available  cathode  area  is  required.  Appropriate  cathode 
dimensions  for  the  LCE  transmitter  laser  are  7 ram  in  diameter  and  11  mm 
minimum  in  length. 

The  next  test  was  a measurement  of  pressure  and  partial  pressure 
as  a function  of  operating  hours  in  small  discharge  tubes  with  nickel  and 

3 

platinum-coated  nickel  cathodes.  Two  10 -cm  discharge  tubes  were  filled 
with  a standard  laser  mix  and  operated  at  10  ma.  An  additional  non-discharge 
tube  was  also  sealed  to  the  partial -pres sure  sensing  manifold  as  a reference. 
During  operation,  the  pressure  in  both  tubes  fell  to  one-half  the  initial 
pressure  in  90  hours.  However,  the  CO^-to-He  pressure  ratio  in  the  platinum- 
plus-  nickel  tube  was  35 $ greater  than  in  the  pure  nickel  tube,  although  both 
tubes  demonstrated  a severe  decline  in  C0^  concentration,  as  shown  in  Figure 
5.3'1"4.  A 0,1-cc  sampling  valve  was  used  to  take  gas  from  the  tubes  to  an 
EAI  residual  gas  analyzer  and  Baratron  pressure  gauge. 

An  additional  test  in  process  at  the  time  of  writing  of  this 
report  involves  the  measurement  of  pressure  and  partial  pressure  in  small 
discharge  tubes  of  differing  volumes.  In  this  test,  two  discharge  tubes  and 
a reference  volume  will  each  be  attached  to  a 0.1 -ec  sampling  valve,  as  de- 
scribed above.  However,  here  the  volumes  to  be  sampled  will  be  10  cc  and 
20  cc.  Measurements  will  be  made  as  before,  and  the  difference  in  gas  con- 
sumption for  the  two  discharge  tubes  will  be  noted.  An  additional  difference 
will  be  that  these  tubes  will  be  operated  at  8 ma  rather  than  10  ma  to  de- 
termine the  effects  of  tube  current.  The  cathode  temperature  resulting  from 
this  reduced  current  will  be.  recorded  and  correlated  with  data  from  the  pre- 
vious experiment. 
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Life -Test  Program,  Test  Phase 

Information  obtained,  during  the  experimental  phase  has  been  used 
to  select  six  slightly  different  life -test  lasers.  The  standard  tube  is 
defined  as  the  experimental  metal/ceramic  laser  used  in  this  program,  charac- 
terized by  a 1J -mm -long  cathode,  no  additional  gas  ballast,  and  the  standard 
gas  mix.  The  standard  gas  mix  is  defined  as  7 torr  C02,  15  torr  He,  7 torr 
N 1 torr  Xe  and  0.1  torr  The  six  tubes  being  constructed  for  the 

forthcoming  life  tests  are  listed  below. 

1.  Standard  tube 

2.  Standard  tube  with  platinum -plated  cathode 

3»  Same  as  Tube  2 with  an  additional  3 torr  of  CO^ 

4.  Same  as  Tube  2 with  a 15-mm  cathode 

5.  Same  as  Tube  k with  an  additional  150  cc  of  gas  ballast 

6.  Same  as  Tube  5 "with  an  additional  3 torr  of  CO^ 

2 

The  15-mm  cathode  allows  for  an  extra  0. 5 cm  of  area  for  the 
discharge  at  the  cathode  when  the  pressure  falls  due  to  gas  cleanup.  This 
keeps  the  discharge  from  overfilling  the  cathode;  i.e.,  it  is  kept  in  the 
normal  glow  region  to  reduce  sputtering. 

The  six  life-test  tubes  will  be  mounted  to  a common  water-cooled 
aluminum  baseplate.  The  observables  to  be  monitored  during  the  life  test 
are  voltage,  current,  output  power  and  cathode  temperature.  The  life -limiting 
factors  of  prime  interest  are  gas  cleanup,  leaks, or  defects  in  workmanship. 

The  voltage -current  characteristics  of  the  tube  will  indicate  any  gross  change 
in  the  total  gas  pressure.  In  addition,  the  gas  pressure  and  composition  will 
be  reflected  in  a change  in  cathode  temperature  due  to  changes  in  the  energy 
lost  due  to  the  cathode  fall.  The  measurement  of  these  factors  throughout 
the  life -test  program  will  give  valuable  information  which  will  allow  us  to 
predict  the  performance  of  the  actual  LCE  tubes  from  data  obtained  during 
their  initial  150  hour  period  of  operation  prior  to  delivery.  The  tube  which 
performs  most  satisfactorily  will  be  chosen  for  the  final  LCE  design. 
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5. 5. 1.3  Extended  Life-T^est  Program  . 

An  extended  program  has  "been  proposed,  hut  not  yet  authorized  hy 
HASA  GSFC.  This  program  ‘will  include  life  testing  of  12  tubes  built  to  the 
most  successful  design  of  the  six  tubes  described  in  the  preceding  paragraph, 
plus  six  tubes  of  the  local-oscillator  design.  Each  of  these  tubes  would  be 
placed  on  life  test  for  a minimum  of  2,000  and  a maximum  of  3,000  hours  of 
operating  time.  The  results  of  this  test  would  greatly  increase  the  life- 
test  data  available  to  the  program  and  provide  specific  data  which  will  be 
used  to  gain  higher  confidence  in  achieving  the  laser  subsystem  reliability 
goals.  The  schedule  for  the  expanded  program  is  shown  in  the  lower  half  of 
Figure  5 -3* 1-5 • 

It  is  important  to-  note  that  this  program  can  provide  significant 
information  on  the  life  of  the  l8  tubes  prior  to  the  delivery  of  the  prototype 
from  Sylvania,  thus  giving  great  confidence  in  the  capability  of  the  tubes 
prior  to  final  qualification  testing  and  fabrication  of  the  flight  system. 
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Figure  5. 3. 1-1 


Experimental  Discharge  Tube  with  Variable  Anode  Position  Capability 


Report  No.  4033,  Vol.  I,  Part  1 


TUBE  VOLTAGE,  KV 
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ANODE  - CATHODE  VOITAGE  VS  DISTANCE 


Figure  5-3- 1_2 


Figure  5. 3. 1-3 


Experimental  Discharge  Tube  Used  to  Measure  Cathode  Discharge  Area 
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5*3*2  Dupiexer 

An  efficient  T/R  switch  is  required  to  separate  the  transmit  and 
receive  optical  paths.  The  straightforward  technique  of  a simple  beam  splitter 
with  some  coding  technique  applied  to  the  transmitter  "beams  has  been  rejected  in 
favor  of  more  optimum  methods.  A wire  grating  polarizer,  extrapolated  from 
microwave  and  far  IR  devices,  has  been  selected  at  the  primary  choice,  and  a 
polarizing  interference  filter  for  backup.  Several  other  techniques  have  been 
considered,  all  of  which  appear  to  present  more  problems  than  fabrication  of 
either  the  wire  grid  or  the  interference  filter.  The  tradeoff  considerations 
leading  to  selection  of  the  separation  mechanism  and  choice  of  polarizer  are 
discussed.  An  analysis  is  presented  to  derive  the  specifications  and  fabrica- 
tion techniques  of  the  wire  grid.  Backup  plans  are  discussed  and  a program  plan 
for  fabricating  the  wire  grid  is  presented. 

5*3*2. 1 Separation  Mechanism 

The  first  basic  tradeoff  decision  is  related  to  the  method  of  beam 
separation  by  polarization  of  P-line  transitions  closely  spaced  in  frequency,  or 
wavelength  separation  by  transmitting  in  the  9.6-  and  10. 6 -micron  vibration- 
rotation  transitions.  The  latter  approach  has  the  drawback  that  very 'few  ex- 
perimental measurements  have  been  unde  on  the  9". 6 -micron  C02  laser.  On  the 
other  hand,  the  power,  gain  and  efficiency  at  10.6  microns  are  well  established. 
Qualitatively,  it  is  known  that  the  efficiency  at  9*6  microns  is  about  a factor 
of  2 below  that  at  10. (Ref.  l).  As  stated  in  the  previous  section,  the  worst 
possible  duplexer  entails  a two-way  loss  about  4*5  db  in  excess  of  that  allowed, 
in  the  present  link  analysis  (&5$  ®t  each  station).  This  is  no  worse  than  the 
9.6/10.6  combination  with  wavelength  filters,  and  does  not  require  the  invest- 
ment of  a large  effort  in  developing  the  required  new  data  base  on  9. 6 -micron 
lasers.  Therefore,  separation  by  polarization  has  been  selected.  It  will 
become  evident  in  the  following  discussion  that  some  development  is  also 
required  to  obtain  an  optimum  polarizer.  However,  it  appears  that  this  effort 
is  considerably  less  extensive  than  development  of  a new  laser  technology. 

A search  of  optical  component  suppliers  reveals  that  "off-the-shelf" 
IR  polarizers  are  quite  imsatisfactoiy  for  the  LCE  application.  In  general , 
these  items  are  ■ pile -of -plates  reflection  polarizers  which  are  large,  fairly 
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inefficient,  and  sometimes  mechanically  unstable.  A review  of  the  technical 
literature  on  polarization  techniques  (Refs.  2,  3^  und  4,  and  references  therein 
to  further  literature ) leads  to  the  following  conclusions : 

(a)  Considering  the  overall  requirements  on  optical  and 
mechanical  performance,  the  optimum  polarizer  is  a wire  grating  supported 
on  a Ge  substrate. 

(b ) Since  the  requirements  on  a 10.6-micron  wire  grating 
polarizer  are  just  beyond  the  capabilities  of  a supplier  of  standard  components, 
a backup  device  is  required  in  the  event  unexpected  problems  are  encountered 
with  fabrication  of  the  wire  grating. 

(c)  Refractive  polarizers  based  on  birefrigence , thin-film/prism 
interfaces,  and  frustrated  total  internal  reflection  (PTIR)  are  decidedly  less 
desirable  than  other  techniques. 

i 

5-3*2. 2 Wire-Grating  Polarizer 

Tiie  analysis  of  a wire-grating,  polarizer  is  presented  below  and  in 
Appendix  K,  along  with  a proposed  fabrication  technique  and  technical  refer- 
ences to  substantiate  anticipated  performance  of  the  grating  and  success  of  the 
fabrication  technique. 

5-3-2.2.1  Analysis 

It  was  first  noticed  by  H.  Hertz  that  a wire  grid  used  with 
electromagnetic  radiation  of  wavelength  equal  to  or  greater  than  the  grating 
spacing  has  the  property  of  reflecting  a wave  whose  E-field  is  parallel  to  the 
wires,  and  transmitting  freely  the  perpendicularly  polarized  wave.  Hertz Ts 
experiments  were  performed  with  microwaves  / permitting  the  straightforward  and 
easily  controllable  construction  of  "free -space”  grating  arrays,  which  can  be 
directly  compared  with  theory.  At  shorter  wavelengths,  more  sophisticated 
techniques  mu&t  be  employed  to  produce  a grating  which  results  in  strips  of 
metal  of  known  geometry,  supported  on  a plane  substrate,  and  thus  amenable  to 
comparison  with  the  microwave  theory. 

The  detailed  analysis  appears  in  Appendix  K.  The  performance  is  a 
function  of  wavelength,  \,  grating  period,  §d,  line  width,  a,  angle  of  incidence, 
9,  and  impedance  matching  \/h  coating  on  the  substrate.  A schematic  of  the 
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wire  -grating  duplexer  is  given  in  Figure  50.2-1.  Figure  5.3. 2 -2  corresponds 
to  an  unsupported  (impedance -matched)  substrate,  and  Figure  50.2-3  indicates 
the  requirement  for  coating  on  Ge , and  the  desirability  of  coating  other  sub- 
strates. At  \/d  = 4,  the  efficiency  of  the  device  is  fairly  insensitive  to 
a/d,  and  theoretical  performance  exceeds  the  requirements  of  5. 2. 1.6.  (See 
Appendix  K for  further  performance  analysis  and  limitations  of  the  theory. ) 

5. 3*2. 2. 2 Fabrication  Techniques 

In  order  to  establish  a fabrication  technique,  the  results  of 
several  technical  articles  are  invoked.  Bird  and  Parrish  (Ref.  2)  produced  a 
wire  grid  supported  on  a plastic  substrate  which  was  a replica  of  a blazed 
diffraction  grating  with  d = .5  micron.  The  "wires"  were  deposited  on  the 
substrate  by  shadow  casting"  of  the  metal  coating.  That  is,  the  substrate 
was  held  in  the  coating  equipment  so  that  the  metal  deposited  preferentially  on 
the  tips  of  the  blazed  grooves.'  In  spite  of  the  fact  that  photomicrographs 
showed  a highly  irregular  wire  f shape,  and  there  was  no  quarterwave  coating, 
results  generally  agreed  with  the  predictions  of  this  type  of  analysis.  Young 
et  al.  (Ref.  3)  ruled  blazed  grooves  directly  into  Irtran  2 and  4 at  d = 1.6 
microns  and  achieved  excellent  polarization  efficiency  in  the  8-  to  14-micron 
region*.  Efforts  to  duplicate  this 'technique  on  stands, rd  mechanical  ruling 
engines  have  so  far  been  unsuccessful.  Preliminary  analysis  of  alternate 
techniques  appear  very  promising  and  results  are  expected  shortly  (see 
following  sections). 

Auton  (Ref.  4)  prepared  wire -grid  polarizers  by  masking  and  etching 
techniques.  , He  worked  in  the  far  IR,  10-100  microns,  and  used  polyethylene  sub- 
strates. His  results  for  d = 10  microns  and  a =4.2  microns  are  reproduced  in 
Figure  5. 3. 2-4.  Accounting  for  the  polyethylene  transmission  loss  and 
experimental  uncertainties,  the  results  follow  theory  closely,  particularly  for 
x/d  = 4 and  greater.  Furthermore,  the  photomicrograph  of  the  grating  shows 
regular  lines  and  spaces,  which  is  required  for  application  of  the  theoretical 
analysis. 

Having  established  that  A./d  should  be  4 or  5 for  a comfortable 
safety  margin  (see  Appendix  K),  an  easily  fabricated  photomask  is  just  beyond 
practical  limits.  Sheridon  ^Rei.  5)  has  produced  a blazed  holographic  grating 


5. 3-2-5 


Report  Wo.  4053,  Vol.  I,  Part  1 


by  exposing  a photoresist  layer  coated  on  glass,  and  IBM  (Ref.  6)  has  recently 

produced  a grating  coupler  by  interferometric  exposure  of  a photoresist  layer, 
resulting  in  a grating  of  "photoresist n strips  of  0.7  microns. 

Based  on  these  results,  the  LCE  duplexer  -will  be  fabricated  by 
preparation  of  a Ge  blank  with  ZnS  quarter-wave  coating  (plus  SiO  thin-layer 
protective  coating)  0.5-  to  1-micron  A1  film,  covered  with  a thin  photoresist 
layer.  The  photoresist  will  be  exposed  with  a two— beam  interference  pattern 
of  2-  to  2.5-micron  period  in  a standard  holographic  configuration.  The  exposed 
area  will  be  etched,  leaving  the  wire  grating  under  the  unexposed  photoresist, 
which  is  subsequently  removed.  If  the  etching  process  is  harmful  to  the  coating, 
the  grating  will  be  formed  by  omitting  the  A1  film  and  evaporative ly  coating 
over  the  exposed  photoresist,  thus  reversing  the  positions  of  lines  and  spaces 
from  the  etching  technique. 

Discussions  with  Dr.  Sheridon  concerning  this  application  of  his 
technique  provide  a basis  for  a high  level  of  confidence.  He  feels  that  the 
requirements  and  techniques  are  straightforward,  and  that  he  himself  could 
fabricated  such  a grating  in  less  than  1 month.  However,  Xerox  does  not  accept 
contracts  of  this  nature,  bun  Dr.  Sheridon  will  provide  free  consultation  on 
the  techniques  required  to  apply  and  expose  the  photoresist.  In  addition. to 
searching  for  a subcontractor.  Aerojet  will  also  pursue  the  possibility  of 
fabricating  the  grating  in-house,  with  consultation  supplied  by  Dr.  Sheridon. 

It  is  anticipated  that  the  duplexer  will  be  available  within  2 months. 

Although  the  analysis  and  proposed  fabrication  technique  appear  very 
favorable,  alternative  methods  to  produce  a polarizer  will  also  be  pursued. 

The  most  attractive  alternative  is  an  interference  filter  with  the  following 
characteristics : 

i i O 

The  passband  is  to  be  optimized  for  a 45  angle  of  incidence  and  peak 
transmission  of  a beam  with  an  E-field  vector  parallel  to  the  plane  of  incidence. 
The  fpeak  transmission  of  the  orthogonal  polarization  is  to  be  shifted  in  wave- 
length such  that,  within  the  passband,  leakage  at  the  orthogonally  polarized  wave 
length  is  small  enough  to  meet  requirement  No.  2,  under  section  5 .3*^.1. 
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The  advantage  of  this  approach  is  fairly  high  efficiency  and  conven- 
ient mechanical  configuration  (again,  merely  a 1+5°  component).  Another  advantage 
is  rapid  reaction  time  and  quick  repeats  of  fabrication  with  design  modifications 
following  measurements.  (No  long -lead  items  such  as  polished  prisms  with  critical 
surfaces  or  ruled  grating  blanks.) 

This  component  has  net  yet  been  designed,  but  preliminary  indications 
are  that  the  technique  is  feasible,  and  70$  transmission  should  result.  This  is 
sufficiently  close  to  requirement  for  a backup  device.  In  the  event  the  supplier 
(Perkin -Elmer ) fails  to  confirm  his  first  indications,  a Brews ter -angle  polarizer 
will  be  designed  as  an  alternative  backup.  Available  materials  will  be  considered 
and  a compromise  made,  between  efficiency  and  mechanical  configuration. 

3*3*2.3  Alternate  Polarizers 

Frustrated  total  internal  reflection  at  an  air  space  between  two 
prisms  has  been  considered.  An  analysis  of  the  multiple  reflections  at  the 
interface  results  in  the  following  expressions  for  parallel  and  perpendicular 
polarizations : 


T = transmissivity 


n = refractive  index  of  prism 

©o  = angle  of  incidence  at  surface  of  total  reflection 
d = air  space  between  prisms 
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Figure  50-2-5  shews  results  for  90°  NaCl  prism s,  9q  = 45°,  n = 1.495  at  10.6(i, 
and  for  90  Ge  prisms,  9q  = 45°.  It  can  be  seen  that  the  degree  of  polarization 
is- inadequate  in  both  cases.  The  Ge  prisms  might  improve  with  larger  angle  of 
incidence,  but  then  the  geometry  (already  unsuitable)  deteriorates  further.  FTIR 
polarizers  have  been  eliminated  for  the  following  reasons:  (l)  inadequate 

polarization  in  simply  cases,  (2)  extremely  critical  spacing  requirements  (air 
gap  of  < .1\  for  Ge,  with  rapid  change  of  performance  with  d/x),  (3)  awkward  and 
bulky  geometry,  (4)  materials  problems,  and  (5)  long  lead  time  for  evaluating  new 
configuration. 

interfaces  in  multiple -prism  geometries  holding  the  films 
at  Brewster  angles  have  been  considered  qualitatively  and  summarily  rejected 
on  the  following  grounds:  (l)  awkward  geometries,  (2)  large  lateral  beam 

displacement,  (3)  material  availability  problems,  (4)  critical  tolerances  on 
prism  angles,  (5)  beam  crossTsection  changes,  (6)  lack  of  suitable,  space 
qualified  interface  cement  (requires  development  program),  (7)  long-lead  items, 
prism  cutting  and  polishing,  before  evaluation  can  be  made  - no  chance  for 
modifications  and  fixes,  and  (8)  four  to  six  months  before  delivery  of  first 
item.  Birefringe nt  polarizers  have  not  been  seriously  investigated  because  of 
(l)  material  availability  problems,  (2)  interface  cement  problem,  and  (3) 
potential  awkward  geometries. 

5.3*2. 5 Wire-Grid  Polarizer,  Summary 

Fabrication  technique:  exposure  of  photoresist  layer  on  Ge  sub- 

strate, xA  coated,  followed  by  etching  of  predeposited  A1  film,  or  deposition 
of  A1  film  over  exposed  photoresist;  grating  pattern  produced  interferometrically. 

Prefereable  to  mechanical  ruling  because; 

(a)  Ge  is  more  suitable  substrate. 

1 > t i 

(b)  More  control  over  shape  and  uniformity  of  wires. 

(c)  Shadow  casting  of  xA  coating  over  blazed  grooves  almost 
impossible,  yet  Figure  3 shows  coating  is  desirable  on 
almost  any  substrate. 

(d)  Controlled  wire  shape  means  reliable  comparison  with 
microwave  theory,  which  has  been  verified  to  20  to  40  • 
microns  with  similarly  fabricated  polarizer. 
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(e)  1-  to  2.5-mieron  period  is  easy  to  achieve  in  holographic 
interference  configuration. 

(f)  Free  consultation  is  available  from  expert  in  the  field. 

(§)  In -house  microelectronics  and  coating  facilities  can 

handle  blank  preparation  and  chemical  processing. 

(h)  Many  samples  can  be  prepared  without  a long -lead  item 
such  as  a master  blank  ruled  on  a diffraction  grating 
ruling  engine. 

(i)  Efforts  to  date  to  produce  a suitable  ruled  blank  have 
yielded  unsatisfactory  results. 

Specifications: 

Size,  Ge  blank  - 28  x bO  x k.O  mm,  polished  flat  to  l/b  \ visible 
light,  with  rtns  surface  irregularities  < l/b\  visible  light  over 
the  long  dimension 

Coating  - l/b\  ZnS,  overcoated  with  <1000  A SiO' 

Wire  material  - A1  (Au  satisfactory) 

Wire  period  - 1 to  2.5  microns  +10$ 

Wire  width  - 1/2  of  period  +10$ 

Wires -to  be  parallel  to  28  mm  dimension 

Irregularities  and  discontinuities  in  the  grating  should  be 
small  compared  with  10  microns 

Time  to  complete  - 2 months  or  less 

The  efforts ^ that  are  under  way  to  fabricate  the  duplexer  described 
above  are  shewn  in  the  program  plan.  Figure  5. 3. 2-6.  This  incorporates  both 
of  the  parallel  efforts  in  fabrication  techniques  that  appear  to  be  very 
promising  noted  above.  Definitive  results  are  expected  by  mid-August. 
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WIRE  GRATING  PERFORMANCE  AT  X/ D • 4 


Figure  5. 3*2-2 


TRANSMITTANCE 
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PERFORMANCE  OF  WIRE  GRATING  POLARIZER  WITHOUT  A/  4 COATING 


Figure  5. 3.2-3 
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TRANSMISSION  OF  A POLARIZER 
ON  A POLYETHYLENE  SUBSTRATE 


Figure  5.^.2-L 


PERCENT 
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SPACING  d/X  ( X 10  FOR  NaCI ) 
FTIR  POLARIZERS 


Figure  5. 3. 2-5 


Figure  5.3. 2-6 


TASK  /WEEK  ENDING 


WIRE  GRID  POLARIZER 
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7/24 

7/31 
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8/14 

8/21 
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COMPLETE  PERFORMANCE, 
ANALYSIS  & SPECIFICATION 
OF  WIRE  GRID 


AGC  EFFORT  OR  SUBCONTRACT 
DECISION 


WRITTEN  SPECIFICATION 
AND  TEST  PLAN 


A 


c=zA 


SUBSTRATE  PREPARATION 


FABRICATION  AND  TEST 


MODIFICATIONS  AND  FINAL 
FABRICATION  AND  TEST  - 
DUPLEXER  AVAILABILITY 


INTERFERENCE  FILTER 


r 


STOP  EFFORT  ON  ALL 
OTHER  POLARIZERS 


A 


ANALYSIS  AND  QUOTATION 
FROM  PERKIN  - ELMER 


LET  SUBCONTRACT 


A 


FABRICATION  AND  TEST 


A 


MODIFICATIONS  AND  FINAL  TEST 


A 


DUPLEXER  PROGRAM  PLAN 
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5.3.3  Radiation  Cooler 

To  assure  successful  performance  of  the  LCE  transceiver,  the 
operating  temperature  of  the  mercury -cadmium- tellur ide  (Hg.Cd)Te  detec 

tor  must  be  maintained  between  95°K  and  125  °K  throughout  the  operational 
portions  of  the  orbital  mission  life  of  the  experiment.  A passive  radia- 
tion cooler  is  used  to  obtain  this  low  temperature.  The  design  of  such  a 
cooler  is  essentially  "state-of-the-art"  so  an  extensive  development  and 
test  effort  will  be  carried  out  during  the  course  of  the  program  to  insure 
early  detection  of  unforeseen  problems  so  that  corrective  actions  can  be 
taken  to  obtain  successful  and  timely  performance.  There  are  four  impor- 
tant areas  in  the  design  of  the  cooler  that  must  be  carefully  examined 
during  this  effort  to  insure  that  the  best  system  is  being  used  and  that 
it  meets  the  mission  requirements.  These  areas  are: 


1.  The  radiator  and  sunshade  support  design  and  its 
resulting  thermal  conductance 

2.  The  detector  position  or  alignment 


3.  The  sunshade  contour  and  specularity 

4.  The  thermophysical  properties  of  the  coatings  and 
insulations  used  to  regulate  the  heat  transfer  of 
the  subassemblies. 


The  table  below  lists  the  development  test  models  and  the 
tests  to  be  performed  on  each.  The  details  of  these  tests  and  their  value 
to  the  overall  design  will  be  described  in  the  sections  which  follow.  A 
detailed  discussion  of  the  radiator  cooler  assembly  function,  requirements 
and  design  is  given  in  Section  5.2.3. 


TEST  MODEL 


TESTS1  TO  BE  PERFORMED 


DESIGN  AREA 


Structural  Model 
Dummy  Support  Assy 


Vibration  Support 

Thermal/Vacuum:  Breakaway  Support 

Thermal/Vacuum:  Conductance  Support 
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TEST  MODEL  TESTS  TO  BE  PERFORMED  DESIGN  AREA 

Functional  Test  Vibration  Support 

Model  Contour  and  Specularity  Sunshade  Thermal 

Performance 

Thermal/Vacuum:  Detector  Position  Alignment 

Thermal/Vacuuin:  IR  Transmission  Coatings, 

from  Sunshade  to  Radiator  ■ Insulations. 

Note  the  extensive  use  of  a structural  model  and  dummy  support 
assembly.  Early  fabrication  of  these  items  is  possible  since  they  do  not 
require  special  surface  coatings  for  radiation  or  a flight  approved  detec- 
tor/mixer. The  subsequently  early  testing  of  these  articles  will  lead  to 
timely  solution  of  any  design  problems  uncovered  in  the  tests. 

5.3 .3.1  Radiator  and  Sunshade  Support  Design 

When  designing  the  supports  for  the  radiator  and  sunshade,  one 
must  carefully  review  the  requirements  placed  on  them  during  each  phase  of 
the  mission.  During  the  launch  and  ascent  portions  of  the  mission,  when 
there  are  large  dynamic  loads  imposed  on  the  system,  the  supports  must  be 
designed  to  securely  restrain  the  radiator  and  sunshade  so  that  excessive 
movements  or  accelerations  do  not  damage  any  item  in  the  cooler  subassembly. 
This  means  that  the  radiator  and  sunshade  must  be  in  good  structural  contact 
with  the  LCE  primary  support  structure.  This  generally  connotes  good 
thermal  contact  as  well. 

During  the  orbital  phase  of  the  mission,  the  dynamic  loads  im- 
posed on  the  cooler  subassembly  are  negligible.  The  supports  which  hold  the 
radiator  during  launch  are  more  than  adequate  frcm  a structural/mechanical 
standpoint  for  the  orbital  design.  However,  the  heat  transfer  through  these 
supports  would  be  excessive  and  satisfactory  radiator  temperatures  would  be 
unobtainable.  Therefore,  a different'  support  mechanism  must  be  used  in 
orbit.  This  new  support  mechanism  will' provide  the  minimum  required  struc- 
tural support  for  the  radiator  and  sunshade  to  maintain  detector  alignment 
while  keeping  the  heat  leaks  through  the  supports  to  a minimum.  As  a design 
goal,  Aerojet  will  attempt  to  design  supports  that  will  securely  hold  the 
radiator  and  sunshade  on  orbit  and  conduct  less  than  20  mw  to  each  of  these 
items  via  the  supports. 
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There  are  several  techniques  which  have  been  successfully  em- 
ployed on  various  other  spacecraft  to  remove  supports  not  required  after 
launch.  These  techniques , usually  used  on  cryogenic  subsystems,  rely  on 
the  following  mechanisms  to  free  the  supports: 

1.  Pin  pullers 

2.  Explosive  bolts 

3.  Differential  thermal  expansion 

These  and  other  release  mechanisms  will  be  examined  in  detail  to  ascertain 
which  would  be  best  for  the  LCE . At  this  time,  the  preferred  candidate  is 
the  one  that  uses  the  differential  thermal  expansion  of  the  materials  of 
construction  to  obtain  separation.  The  reason  that  this  technique  is  pre- 
ferred to  the  others  is  that  it  is  an  uncomplicated,  passive  system, 
requiring  only  temperature  difference  to  operate.  The  pin-puller  system 
requires  electro/mechanical  equipment  whose  weight  and  reliability  are  a 
disadvantage  compared  to  the  differential  thermal  expansion  system.  The 
explosive -bolt  system  has  similar  problems  and  there  is  also  a contamina- 
tion problem  not  encountered  by  the  differential  thermal  e^ansion  system. 
The  validity  of  the  present  support  approach  will  be  proven  early  and  con- 
clusively by  analysis  and  test  of  the  structural  model  and  dummy  support 
model.  „ Breakaway  of  the  radiator  and  sunshade  from  the  support  mount  will 
be  verified  in  the  structural  model’s  thermal/vacuum  test. 

The  structural  model  will  also  be  tested  in  a vibration  environ- 
ment. The  radiator,  sunshade  and  mount,  structural  model  will  be  structur- 
ally similar  to  the  flight  model.  The  purpose  of  the  structural  model  tests 
is  to  determine,  early  in  the  program,  any  anomolies  with  the  structural 
portion  of  the  design.  The  vibration  test  will  consist  of  a resonance 
search  through  the  full  frequency  range  (5  through  2000  Hz),  with  appropri- 
ate acceleration  transducers  attached  to  the  test  article  to  determine  the 
response  of  the  structure.  Particular  attention  will,  be  paid  to  the  area  of 
the  simulated  detector/mixer  to  determine  maximum  displacement  differentials 
between  the  vibration  fixture  and  the  detector/mixer  mount.  This  informa- 
tion will  be  directly  applicable  to  the  calculation  of  detector/mixer  focus 
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and  alignment.  Of  equal  importance  in  this  test,  will  be  the  search  for 
possible  detect or/mixer  resonant  frequencies  and  their  associated  accelera- 
tion effects.  Any  such  resonant  frequencies  will  be  found  through  measure- 
ment of  accelerations  of  the  simulated  detect or /mixer  that  is  a part  of  the 
structural  model.  Should  it  be  found  that  resonant  frequencies  create  a 
problem,  the  required  redesign  to  damp  out  excessive  accelerations  can  be 
accomplished  without  adversely  affecting  downstream  schedules  due  to  the 
early  problem  discovery  permitted  by  these  timely  structural  model  tests. 

As  stated  earlier,  the  orbital  supports  must  be  designed  to 
minimize  heat  leaks  to  the  radiator  and  sunshade;  a value  less  than  20  mw 
is  a design  goal.  Several  low- conductance  support  schemes  have  been 
developed  for  cryogenic  vessels  and  other  systems  designed  in  the  past. 

These  support  techniques  include: 

1.  Tension  wires 

2 . ■ Monoballs 

3.  Centering  pin  . 

4.  Spring-loaded  ball  supports 

The  tension-wire  concept  relies  upon  the  technique  of  suspending 
the  radiator  and  sunshade  securely  in  place  through  use  of  wires  that  are 
maintained  in  tension.  These  wires  will  provide  the  only  mounting-associ- 
ated heat  leak  to  the  detector.  The  wires  will  be  long,  of  small  cross- 
section,  and  have  low  thermal  conductivity  to  minimize  the  heat  leak. 
Stainless  steel  is  a primary  wire  candidate.  An  important  tradeoff  to  be 
considered  in  the  tension  wire  design  is  that  improvements  in  thermal  insu- 
lation capability,  brought  on  by  decreased  cross-section  and  increased 
length,  go  counter  to  improvements  in  structural  integrity. 

The  monoball  support  technique  relies  upon  the  use  of  three  or  ' 
more  spheres  attached  to  the  component  to  be  isolated.  Each  sphere  sits  in 
a transceiver -mounted  race.  Between  the  sphere  and  race  is  a teflon  sheath. 
The  advantages  of  this  system  are  that  it  provides  positive  support  while 
permitting  thermal  contraction  of  the  isolated  member.  Its  primary 


5.5-5-^ 


Report  No.  4033,  Vol.  I,  Part  1 


disadvantage  is  that  sizeable  heat  leaks  will  be  sustained  across  the 
system rs  relatively  large  contact  areas. 

The  centering  pin  concept  has  possible  application  in  combina- 
tion with  virtually  any  orbital  support  plan  and  primarily  deals  with 
insuring  meeting  the  mixer  assembly  positioning  and  alignment  requirements. 
The  center  support  would  be  comprised  basically  of -a  heat  sink -attached  pin 
fitted  into  a radiator-attached  hole  relatively  near  the  radiator  center. 
The  pin  would  not  touch  the  radiator  while  the  radiator  is  warm  and  the 
positive  launch  support  mechanism  is  acting.  When  the  launch  support  sys- 
tem is  removed,  the  radiator  will  contract  as  it  cools . Should  the  radia- 
tor move  out  of  focal  plane  alignment  during  launch  support  removal  and/or 
radiator  .cooldown,  the  radiator  would  push  against  the  centering  pin.  Thus, 
the  pin  would  be  providing  an  alignment  restoration  force  as  well  as  a 
positive  stop  to  prevent  excess  misalignment.  The  primary  disadvantage  of 
such  a system  would  be  that  it  would  create  a small  heat  leak  to  the 
cle  tec  tor /mixer  while  acting.  This  system  would,  however,  not  be  active 
should  the  primary  support  mechanisms  (launch  and  orbital-  operation)  oper- 
ate as  planned.  An  investigation  of  "possible  utilization  of  this  mechanism 
is  under  way,  primarily  dealing  with  the  added  heat  load,  the  structural 
requirements  and  the  size  and  tolerances  of  the  centering  pin  and  hole. 

At  present,  the  spring-loaded  ball  support  appears  to  be  the 
most  attractive  support  system.  It  provides  positive  support  for  detector 
alignment  while  allowing  heat  leakage  across  very  small  cross-sections. 

Thus,  this  system  appears  to  provide  the  smallest  heat  leak  of  any  of  the- 
above  candidates.  Early  substantiation  of  this  will  be  obtained  by  analysis 
and  test  of  the  dummy  support  assembly.  The  following  test  will  be  per- 
formed to  insure  the  thermal  adequacy  of  the  design: 

The  dummy  support  assembly  will  be  attached  to  an  electrical 
heater  and  heat  flowmeter  (see  Figure  5.3.3-I).  The  radiator  and  sunshade 
supports  will  be  tested  separately.  The  simulated  radiator  or  sunshade 
(one  will  be  tested  then  the  other)  will  be  coupled  to  a liquid- nitrogen  or 
water-cooled  heat  sink  whose  temperature  will  be  controlled  so  that  the 
temperature  of  the  radiator  or  sunshade  is  brought  to  the  analytically 
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predicted  value  while  the  support  mount  is  maintained  near  300° K.  By  meas- 
uring the  support  temperature  gradient  and  the  corresponding  heat  flow,  the 
conductance  can  he  directly  calculated.  Radiant  heat  flow  between  the  test 
article  and- its  surroundings  will  be  controlled  passively  using  multi-layer 
insulation.  When  testing  the  support  for  conductance  between  the  support 
mount  and  sunshade,  radiant  heat  loss  can  be  neglected  as  the  support  mount 
and  sunshade  will  both  be  maintained  near  room  temperature.  All  testing 
will  be  performed  in  a vacuum  chamber  evacuated  to  10”^  Torr  or  less.  An 
instrumentation  list  is  presented  in  the  following  table: 


PARAMETER 

TYPE 

ACCURACY 

Support  Mount  Temp.  #1 

Cu-Con  T/C 

1°F  d4°C) 

Support  Mount  Temp.  #2 

Cu-Con  T/C 

i°F  04°c) 

Radiator  (Sunshade)  Temp.  #3 

Cu-Con  T/C 

1°F  C4°c) 

Radiator  (Sunshade)  Temp.  #4 

Cu-Con  T/C 

1°F  (4°C) 

Heat  Flowmeter  EMF 

Potentiometer 

'/S 

Heater  EMF 

Potentiometer 

'M 

Heater  Current 

Potentiometer 

YS 

The  schedule  for  the  development  and  testing  of  the  support 
system  is  presented  in  Figure  5.3. 3-2.  This  includes  testing  of  the 
structural  model  and  dumry  support  assembly.  Note  how  early  in  the  pro- 
gram the  support  design  is  tested.  This  is  made  possible  through  use  of 
test  articles  that  do  not  require  special  optical  surfaces  or  use  of  a 
flight  model  detect or /mixer. 

5.3«3»2  Detector  Position 

During  the  functional  test  model  (FTM)  thermal/vacuum  test, 
displacement  of  the  detector  focal  plane  will  be  measured  in  order  to 
verify  that  the  following  focal  plane  alignment  criteria  are  met: 

DIRECTION  MAGNITUDE 

Axial  (AZ)  +0.010  inch 

Longitudinal  (AX,  AY)  +0.00 5 inch 

Movement  of  the  focal  plane  could  result  when  the  radiator  is 
cooled  below  the  radiator-support  mount  separation  temperature,  thus  taking 
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the  radiator  out  of  contact  with  its  support  mount.  This  possibility,  which 
might  result  in  misalignment  and  poor  system  performance,  can  only  he  re- 
searched with  a radiator/sunshade  assembly  test.  The  proposed  test  is 
described  below: 

The  functional  test  model  with  a simulated  detector/mixer 
assembly  mounted  on  the  radiator  will  be  installed  in  a vacuum  chamber  with 
a liquid  nitrogen  cooled  shroud,  instrumentation  will  include  several 
copper  versus  constantan  thermocouples  and  three  linear  velocity  and  dis- 
placement transducers  (LVDT)  attached  to  the  simulated  detect  or/mixer 
assembly.  The  instrumentation  is  described  in  the  following  table  and 
illustrated  on  Figure  5-3 -3-3- 


PARAMETER 

TYPE* 

ACCURACY** 

Radiator  Temp* 

Cu-Con  t/C 

1°F  C4°c) 

Mixer  Temp . 

Cu-Con  T/C 

1°F  C4°c) 

Sunshade  Temp. 

Cu-Con  T/C 

1°F  C4°c) 

Support  Mount  Temp. 

Cu-Con  T/C 

1°F  (/2°C) 

Heat  Sink  Temp. 

Cu-Con  T/C 

1°F  C4°c) 

Mixer  Displacement  AX 

LVDT 

0,0005  in. 

Mixer  Displacement  AY 

LVDT 

0.0005  in. 

Mixer  Displacement  AZ 

LVDT 

0.0005  in. 

* Cu-Con  T/C  indicates  a 36  AWG  copper  versus  contantan  thermocouple . 

LVDT  indicates  a linear  motion  transducer. 

**  The  accuracy  is  estimated  based  on  engineering  test  experience.  All 
thermocouples  will  be  calibrated. 

In  addition  to  the  attachment  of  instrumentation  to  the  test 
article,  heaters  will  be  bonded  to  the  heat  sink  and  sunshade  to  maintain 

them  at  the  predicted  orbital  temperatures  while  the  radiator  is  allowed  to 

cool. 

The  data  output  from  this  test  will  be  temperature  and  displace- 
ment versus  time  of  the  instrumented  components,  as  indicated  in  the  table 

above.  The  test  schedule  is  included  in  Figure  5*3*3-^  which  is  the  entire 

development  and  test  program  for  the  sunshade  and  radiator  FTM  up  through 
delivery. 
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5- 3-3*3  Sunshade  Contour  and  Specularity 

The  slope  or  contour  of  the  inner  surface  of  the  sunshade  and 
its  specularity  are  of  prime  importance  to  the  success  of  the  LCE  trans- 
ceiver’s radiation  cooler-  Figure  5-2-3-12,  presents  the  present  design  for 
the  sunshade.  This  design  evolved  after  an  extensive  analytical  effort.  It 
was  demonstrated  analytically  that  the  shape  of  the  wineglass  sunshade  could 
he  described  as  a simple  arc  of  a circle  and  therefore  the  sunshade  was  an 
ogival  surface  of  revolution-  In  addition,  analysis  has  indicated  that  the 
temperature  of  the  detector  will  increase  by  3°K  for  each  5 percent  decrease 
in  specularity. 

Wow  that  analysis  has  defined  the  requirements  for  the  sunshade 
and  the  preliminary  design  is  complete,  a development  and  test  program  will 
be  conducted  to  insure  that  the  sunshade  can  be  constructed  to  meet  the 
requirements . 

AGO  mechanical  design  engineers,  manufacturing  and  optical 
coating  laboratory  personnel  will  begin  in  July  to  develop  techniques  to 
machine  and  polish  the  sunshade.  After  the  sunshade  has  been  fabricated, 
the  following  test  will  be  conducted  to  insure  that  its  contour  and  specu- 
larity are  within  acceptable  limits . 

The  FTM  sunshade  will  be  installed  on  an  optical  collimator  test 
table  so  that  it  can  be  irradiated  with  collimated  visible  light  at  several 
angles  about  the  shade's  major  axis.  A radiometer  will  be  placed  in  the 
radiator  plane  so  that  energy  absorbed  by  the  radiator  will  be  indicated  by 
the  radiometer  output. 

Prior  to  testing,  the  collimated  beam  will  be  mapped  with  the 
radiometer  to  determine  the  total  flux  in  the  test  volume.  The  flux  ab- 
sorbed by  the  radiometer  with  the  shield  in  place  will  then  be  compared  to 
the  total  flux  known  to  be  incident  on  the  shield.  The  ratio  of  incident 
flux  to  absorbed  flux  is  a measure  of  sunshade  performance  in  the  areas  of 
contour  and  specularity.  This  test  is  included  in  the  FTM  schedule  shown 
in  Figure  5-3-3-^- 
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5. 3. 3. 4 Thermophysical  Property  Testing 

The  thermophysical  properties  of  critical  thermal  control 
coatings  and  insulations  will  "be  measured  in  a series  of  individual  tests . 
These  tests  will  produce  results  which  can  he  entered  into  the  analytic 
models  of  the  cooler  to  reduce  prediction  uncertainties.  The  cooler  will 
also  he  tested  as  a total  assembly  to  obtain  in- situ  measurements  of  heat 
leaks  within  the  system. 

The  IR  emission  from  the  sunshade  to  the  radiator  is  the  largest 
.single  heat  load  incident  Upon  the  radiator.  Thus,  verifying  the  exact 
magnitude  of  this  heat  load  is  of  great  Importance.  To  accomplish  this  the 
test  article,  consisting  of  the  heat  sink,  passive  radiator  and  sunshade, 
and  a simulated  antenna  and  solar  panel,  will  be  installed  in  a thermal/ 
vacuum  test  chamber.  The  test  article  will  be  instrumented  with  copper 
versus  constantan  thermocouples . Internal  power  dissipation  will  be  simu- 
lated by  heaters  attached  to  the  heat  sink. 

Testing  will  be  conducted  with  the  chamber  evacuated  to  a pres- 

_ 5 

sure  less  than  10  Torr,  and  the  chamber  cry o -shroud  cooled  to  a tempera- 
ture less  than  80°K.  After  the  test  article  has  reached  a steady -state 
condition,  temperature  data  will  be  recorded. 

The  reduced  test  data  will  be  compared  with  previously  predicted 
results  to  verify  the  validity  of  analytic  techniques  and  to  show  that  the 
radiator  thermal  performance  is  satisfactory.  This  thermal/vacuum  test  will 
be  performed  on  the  functional  test  model  early  in  the  program,  then  later 
repeated  on  the  prototype,  flight  and  flight  spare  models.  The  schedule  for 
the  FTM  test  is  included  in  Figure  5-3-3“4. 


5-50-9 


Figure  50*3" 


ro 


(2)  INITIAL  SUPPORT  TESTS  TO 

VERIFY  DIFFERENTIAL  EXPANSION 
CONCEPT  WILL  WORK  ACCEPTABLY. 


<2>  ALL  DETAIL  DRAWINGS 
RELEASED. 


RELEASE  AND  SUPPORT  MECHAN I SM  S- - DEVELOPMENT  SCHEDULE 


Report  No.  L-033^  Vol.  I,  Part  1 


'COLt/A/S  rtoo&c  SS^a/) 


>P/yV<T- 


SJ 

CD 

O 

H 

c+ 

tel 

o 


-fr 

O 

V->J 

V>i 


S' 


H 

S» 


S.  <*.  (?oo*j 


>-•?-?  o 


i 


Figure  5 *3 *3-4 


SUNSHADE  DEVELOPMENT  / SYSTEM  TESTING  SCHEDULE 


Report  No.  4053*  Vol.  I,  Part  1 


5,4 


Report  NOo  4033 > Vol.  I,  Part  1 


5.4,  spacecraft/experiment  interface 

The  physical  interfaces  between  the  LCE  spacecraft  transceiver  and 
the  spacecraft  itself  will  now  be  considered.  For  this  discussion,  these  inter- 
faces are  divided  into  five  major  types  - mechanical,  thermal,  and  electrical 
interfaces  and  EMI  and  environmental  requirements.  In  all  cases,  the  interfaces 
involve  requirements  and  limitations  imposed  by  the  spacecraft  design  and  the 
overall  mission,  as  given  in  the  ATS  interface  specification  S-460-ATS-38. 

Other  requirements  and  goals  specific  to  the  LCE  design  that  affect  the  space- 
craft capabilities  are  included  in  the  LCE  specification  GSFC-S-524-P-4C. 

The  following  discussion  describes  (l)  the  status  of  Aerojet 
efforts  to  tailor  the  LCE  design  to  keep  within  these  spacecraft  interface 
constaints,  and  (2)  the  interface  requirements  which  the  LCE  design  imposes  on 
the  spacecraft.  Based  on  preliminary  interface  discussions  with  ATS  spacecraft 
project  personnel,  Aerojet  believes  that  these  latter  requirements  (in  conjunc- 
tion with  S-460-ATS-38)  provide  a reasonable  basis  in  arriving  at  a mutually 
acceptable  definition  of  the  spacecraft /LCE  experiment  interface.  The  only 
item  which  appears  questionable  at  this  time  is  the  ability  of  the  presently 
incorporated  four-point  mount  to  meet  the  stringent  deflection  requirement 
placed  on  the  spacecraft/LCE  mounting  pads.  This  uncertainty  can  definitely 
be  resolved  by  changing  to  a three-point  mount  (as  discussed  in  section  5. 2.1. 9). 

5*4.1  Mechanical  Interface 

The  mechanical  interface  between  the  spacecraft  and  the  LCE  trans- 
ceiver consists  of  four  rpating  areas  held  together  with  bolts.  The- bolted 
supporting  areas  are  the  alignment  and  mechanical- stress-carrying  interface 
between  the  experiment  and  the  spacecraft. 

i 

5. 4. 1,1  Envelope 

The  space  envelope  of  the  spacecraft  transceiver  is  defined  by  the 
latest  revision  of  Aerojet Ts  interface  drawing  No.  1296OOI,  reproduced  in 
Figure  5, 4. 1-1.  The  notes  on  this  drawing  provide  additional  details  pertinent 
to  the  following  discussions. 
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5. 4. 1,2  Location 

i 

The  ATS-F  spacecraft  has  an  earth- viewing  module  which  includes  a 
north  Surface  that  is  facing  Polaris  and  the  vest  surface  is  coincident 
with  earth  west.  The  south  and  east  surfaces  are  opposite  and  parallel  to  the 
north  and  west  surfaces.  The  LCE  transceiver  is  located  in  the  northwest  comer 
of  the  earth- viewing  module.  The  earth- viewing  module  location-  is  necessary  to 
allow  laser  communication  to  earth  once  the  spacecraft  is  in  orbit.  The  north 
surface  is  used  because  a passive  radiator  is  necessary  to  cool. the  detector  • 
ih  the  LCE  transceiver,  and  the  passive  radiator  must  face  an  area  of  space  in 
which  the  sun  never  appears.  The  location  to  the  west  side  is  required  to 
prevent  interference  between  the  passive  radiator  sunshield  and  structural 
support  members  between  the  spacecraft  and  the  rocket  boosters. 

The  installation  of  the  spacecraft  transceiver  is  through  the  earth- 
viewing  surface  of  the  earth- viewing  module.  The  passive  radiator  sunshield  is 
removed  and  the  transceiver  is  inserted  through  the  earth- viewing  surface  of 
the  module,  and  moved  approximately  2 in.  in  a north  direction  until  the  mating 
mounting  surfaces  are  in  contact.  The  surfaces  are  then  bolted  together,  and 
the  sun  shield  and  electrical  connections  can  then  be  made. 

5-4. 1.3  Mounting  Provisions 

The  transceiver  is  presently  mounted  to  the  spacecraft  structure 
by  four  bolts,  located  as  shown  on  Figure  5. 4. 1-1.  Discussion  of  this  four- 
bolt  mounting  approach  as  compared  with  a possibly  more  advantageous  three- 
volt  configuration  is  included  in  para.  5. 2. 1.9, 

The  notes  on  Figure  9. 4. 1-1  that  are  important  to  the  mechanical 
interface  (particularly  the  LCE  mounting)  are  discussed  below.  The  notes  more 
closely  associated  with  the  thermal  interface  are  covered  in  Section  5,4.2. 

Note  2:  "Angular  dimension  between  surface  A and  Z axis  of  the 
spacecraft  to  be  measurable  to  within  0,005°. " 

The  LCE  orientation  to  the  spacecraft  is  not  critical,  since  the 
LCE  is  capable  of  search,  acquisition  and  tracking  of  an  external  source  anywhere 
within  the  field  of  view  of  the  LCE  (+40  degrees  in  the  east/west  direction  and 
+8°  in  the  north/south  direction).  To  use  the  relative  orientation  of  the  LCE  for 
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attitude  sensing  of  the  spacecraft,  however,  requires  a measurement  of  the 
angle  between  the  spacecraft  axis  and  the  LCE  field- of- view  centerline.  The 
degree  of  accuracy  of  measurement  need  not  exceed  the  least  resolvable  angle 
of  the  coarse  pointing  mirror,  which  is  0.005°  (one  step  o.f  the  stepper  motor). 

, Note  6:  /'The  weight  must  not  exceed  70. 0 lb." 

• The  latest  weight  estimate  information  indicates  an  increase 
from  a previously  reported  53.1  lb.  The  increase  is  explained  in  para.  5 -4.1.6 

Note  17:  "The  four (4)  mounting  surfaces  on  the  spacecraft  are  to 
be  parallel  with  respect  to  each  other  to  within  0.005  inches  or  less." 

With  the  present  four-point  mounting  configuration,  three  of 
the  mounting  pads  will  determine  the  plane  of  the  LCE  base  plate.  Any  mis- 
alignment of  the  fourth  mounting  pad  will  introduce  stress  and  strain  into 
the  base  plate.  (Characteristics  of  the  more  favorable  three-point  mounting 
are  considered  in  para.  5. 2. 1.9.)  A strain  capable  of  producing  a misalignment 
of  the  laser  tube  relative  to  the  re sonant- cavity  mirrors  of  2.5  milliradians 
will  reduce  the  laser  power  output  by  3 decibels  (or  50$),  based  on  available 
data  from  the  laser  subcontractor.  The  0,005 -in.  misalignment  limitation  is 
based  on  reducing  the  misalignment  of  the  laser  tube  to  \ milliradian  or  less. 

Note  24:  "The  maximum  in- plane  load  into  surface  A shall  not  exceed 

lb.  The  load  shall  not  produce  a displacement  of  the  LCE  base  plate 

flatness  by  more  than  0.005  inches." 

For. the  in-plane  stiffness  of  the  LCE  base  plate,  it  has  been 
tentatively  established  that  a deflection  of  greater  than  0.005  in.  may  cause 
a loss  in  laser  power  which  would  be  ■unacceptable. 

Note  25:  "The  maximum  out-of-plane  load  into  surface  A shall  not 

exceed  lb.  The  load  shall  not  produce  a deflection  of  the  LCE  base  plate 

flatness  by  more  than  0.005  inches  in  any  direction." 

For  the  out-of-plane  stiffness  of  the  LCE  base  plate,  it  has 
been  tentatively  established  that  a deflection  of  more  than  0.005  in.  may- 
cause  a loss  of  laser  power  which  would  be  unacceptable. 
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Note  26:  " Attachment  between  surface  A and  the  spacecraft  heat 
sink  will  be  by  8-32  screws.  The  number  of  screws  to  transfer  the  LCE  heat 
diksipated  load  will  be  ll4.  Screws  to  be  torqued  to  17  in.  lb.  The  maximum 
loads  in-plane  and  out-of-plane  introduced  into  surface  A by  the  spacecraft 
heat  sink  due  to  any  means  shall  not  produce  a deflection  greater  than  0.005 
inches." 

Based  on  test  data,  the  above  number  of  screws  torqued  to  the 
above  level  are  necessary  to  transmit  the  heat- dissipated  load  of  57  watts, 
the  current  predicted  electrical  load  of  the  LCE.  (See  para.  5.4.3.) 

5. 4. 1.4  Field- of- view  and  Alignment  Requirements 

The  transceiver  beam  pointing  mechanism  can  direct  the  optical 
axis  of  the  system  anywhere  within  a range  of  ±4o°  about  the  earth- viewing 
axis  in  the  east- west  direction  and  ±8°  about  the  earth- viewing  axis  in  the 
north- south  direction.  This  dictates  the  location  of  the  experiment  on  the 
earth-viewing  side  of  the  spacecraft  with  an  unobstructed  view  corresponding 
to  the  80°  by  l6°  coverage  described  above.  Because  of  the  wide  capability 
of  the  beam  pointing  mechanism,  there  is  no  critical  alignment  requirement 
because  of  the  field  of  view. 

The  only  requirement  for  alignment  is  due  to  thermal  radiator  con- 
siderations, The  passive  radiator  sunshield  has  been  designed,  based  upon 
our  present  knowledge  of  the  spacecraft  configuration,  to  prevent  direct  solar 
radiation  or  radiated  or  reflected  energy  from  spacecraft  elements  from  im- 
pinging on  the  passive  radiator.  The  pas si ve- radiator  sunshi eld  geometry  is 
such  that  it  provides  a 0.5°  excess  amount  of  shielding.  Thus,  the  alignment 
of  the  LCE  field-of-view  centerline  with  the  spacecraft  center  line  is  not 
critical  if  it  is  within  the  0,.5°.  Of  course,  any  changes  in  spacecraft 
structure  must  be  reviewed  to  assure  that  no  structural  element  can  have  a 
direct  view  to  within  0.5°  of  the  thermal  radiator.  The  misalignment  must  be 
measured  for  reasons  explained  in  para.  5. 4. 1.5.  The  0.5°  alignment  tolerance 
is  well  within  manufacturing  tolerances  and  can  easily -be  held. 
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5.4.1. 5 Alignment  Measurement  Requirements 

The  pointing  and  tracking  capability  of  the  spacecraft  transceiver 
is  better  than  20  sec  of  arc,  controlled  by  specifying  tight  backlash  require- 
ments for  the  stepper  motor.  The  encoder  resolution  is  ±.02  degrees.  The 
use  of  this  fine  pointing  accuracy  is  restricted  only  by  the  ability  to 
measure  and  maintain  the  alignment  of  the  spacecraft  axes  relative  to  the 
axes  in  the  north-south  and  east-west  directions.  The  -alignment  of  the  LCE 
transceiver  will  be  measurable  by  autocollimation  from  a removable  mirror 
fixture,  the  alignment  of  which  with  the  transceiver  optical  axis  is  known 
within  the  20  sec  of  arc  described  above.  This  fixture,  together,  with  a 
means  for  accurately  mounting  it,  will  be  provided  by  Aerojet. 

5. 4. 1.6  Weight  and  Mass  Properties 

A mass -properties  control  program  has  been  initiated  for  the  LCE 
spacecraft  transceiver.  Early  in  the  program  a weight  allotment  was  assigned 
to  various  subsystems  and/or  components  which  totaled  53.1  lb.  As  the  design 
phase  of  the  LCE  program  progresses,  these  allotted  weights  are  being  compared 
to  the  calculated  or  estimated  component  weights.  Table  5. 4. 1.6  indicates  the 
comparison  of  allotted  to  the  presently  estimated  weight.  There  is  a l6,5-lb 
increase  over  the  original  design  allotted  weight.  An  intensive  effort  has 
been  initiated  to  investigate  the  weight  increases  and  potential  methods  for 
weight  reduction.  The  three  prime  targets  for  weight  reduction  are  the  primary 
structure  and  heat  sink,  the  sunshade  assembly,  and  the  power  supply  units. 

The  primary  structure  and  heat  sink  weight  is  estimated,  based 
on  a beryllium  plate  0.25  in.  thick.  A potential  weight  reduction  exists  in 
this  element  once  a better  definition  of  the  laser  end-cavity  alignment 
requirements  and  better  spacecraft/LCE  interface  distortion  allowables  are 
obtained.  The  weight  will  be  minimized  through  use  of  the  NASTRAN  computer 
program. 

At  present,  it  appears  that  it  will  be  difficult  to  decrease  the 
current  weight  of  the  sunshade  because  of  the  specularity  requirements,  but 
the  weight  will  be  considered  further  during  design.  In  order  to  achieve 
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the  specularity  requirement,  the  inside  surface  of  the  shade  must  have  a 
surface  finish  similar  to  a highly  polished  mirror,  which  dictates  the  thick- 
ness of  the  shade. 

For  the  power  supply,  efforts  are  being  made  to  optimize  the 
requirements  and  design.  It  is  confidently  felt  that  this  optimization  will 
result  in  a decreased  weight  for  the  supply. 
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TABLE  5. 4. 1-1 

ALLOCATED  AND  ESTIMATED  WEIGHTS 


Allocated 

Weight 


p/n 

Subsystem 

db) 

1296500-1 

Installation  Kit 

53.07 

1296220-1 

Sunshade  Assy 

0.64 

1296222-1 

Thermal  Blanket 

1296000-1 

LCE  As  sy 

52.43 

1296200-1 

Primary  Structure  & Heat  Sink 

9.71 

1296201-1 

CPM  & Tele  Shroud  Assy 

1296240-1 

Radi at or /Support  Stand  Assy 

4.23 

1296250-1 

Mirror  Assy  - CBP 

5.57 

1296275-1 

Telescope  Assy 

' 2.53 

1296400-1 

Optical  Processor  Subassembly 

9.64 

Local  Oscillator  Laser 

0.40 

Transmitter  Laser 

0.44 

Standby  Laser 

0.44 

End  Cavity  Mirror  No.  1 

2.00 

End  Cavity  Mirror  No.  2 

2.00 

End  Cavity  Mirror  No,  3 

2.00 

Modulator  & Driver 

1.20 

Laser  Electronics 

0.26 

Signal  Processing  Electronics 

4.31 

Power  Supply  Units 

7.70 

Estimated 

Weight 

(lb) 

69.60 

3.68 
0.15 
65.77 
14.32 
1.29 
4.23 
6.02. 
2.53 
7.21 
. 1.393 
1.553 
1.553 
0.77 
0.77 
0.71 
1.00 
5.00 
3.92 
13.50 
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FOLDOUT  frame 


1 . INTERPRET  DRAWING.  PER  MIL-STD-IOO 

2.  ANGULAR  DIMENSION  BETWEEN  SURFACE  "A'  AUO  l AXIS 
or  the  spacecraft  to  be  measurable  to  within  .cos’ 

A The  STRUCTURAL  ATTACHMENT  Or  THE  LC E TO  THE 
5PACECRAT  SHALL  BE  BY  FOUR (4)  NAS-634  FASTENERS 

4.  the  mechanical  matins  interface  between  spacecraft  l 

LCE  Shall  BE  CLECTRiCALLV  BONDED  IN  ACCORDANCE  WITH 
THE  REQUIREMENTS  OF  N1IL-B-50B7 

5.  <$>-  OE NOTES  APPROXIMATE  CENTER  OF  GRAVITY 

A,  WEIGHT  MUST  NOT  EXCEED  (re, o’) 

A\  SURFACE -A-  SHALL  BE  IN  DIRECT  PHYSICAL  CONTACT  WITH  THE 

spacecraft  HEAT  sink.  The  SPACECRAFT  CONTRACTOR  shall  INSURE 
THAT  A CONTACT  CONDUCTANCE  (ht>  OF  AT  LEST  10.0  6TU/HP-FT5- "F 
EXISTS  BETWEEN  THE  SPACECRAFT  HEAT  SINK  ALIO  EACH  SQUARE  INCH 
OF  THE  AREAS  INDICATED  ON  SURFACE -A*.  A BETTER  FINISH 

ON  SURFACE -A-  t ON  ITS  MATING  SURFACE  IS  REQO  FINISH 

grain  will  be  parallel  to  the  z axis  op  spacecraft 

A THE  LCE  WILL  DISSIPATE  APPROXIMATELY  37  WATTS  OP  ELECTRICAL 
POWER  the  MAJOR  PORTION  OF  THIS  HEAT  will  BE  GENERATED 
DIRECTLY  ABOVE  THE  AREAS  INDICATED  BY  HIDDEN  LINES 

B.  the  maxium  temperature  difference  between  the  vwbmest 

ANO  THE  COLDEST  PORTION  OF  THE  SPACECRAFT  HEAT  SINK  WHICH 
IS  IN  CONTACT  WITH  the  LCE  SHALL  at  ALL  TINES  BE  LESS  Than  **C 

the  nominal  temperature  of  the  heat  sink  shall  be  within 

THE  RANGE  OF  20  = lO’C 

IQ.  DEPOSITION  OF  FOREIGN  PARTICLES  CM  EXTERNAL  THERMAL  CONTROL 
SURFACES  OF  THE  LCE  SHALL  NOT  CHANGE  E BY  MORE  THAN  01 
AND  BY  wore  Than  .01 , OP  MIRROR  SPECULARITY  by  WORE  THAN  Cl 

ik  the  earth  viewing  side  of  the  lce  is  open  to  space,  there  is  no 
filter  over  the  opening  of  the  telescope  to  attenuate  or 

REFLECT  incident  SOLAR  ENERGY.  THIS  OPENING  WILL  ACT  AS  A 
HEAT  SOURCE  OR  SINK,  FOR  THE  JPACECRAT  DEPENDING  ON  THE  TIME  OF 
DAY  AND  SEASON  OF  YEAR.  AT  NO  TIME.  HOWEVER,  WILL  THIS  OPENING 
CAUSE  A HEAT  INPUT  TO  THE  SPACECRAFT  GREATER  THAN  Six' (4)  WATTS 
OR  A HEAT  ORAIU  GREATER  THAN  FIVE  (5)  WATTS. 

At.  no  ELEMENT  OF  SWCCCRArt  WILL  HAVE  A DIRECT  VIEW  FACTOR  TO  SURFACE-  D- 
15.  The  LCE  SHALL  BE  IN  DIRECT  PHYSICAL  CONTACT  WITH  THE  SPACECRAFT 
HEAT  SINK  tO SO  THICK  AL  SKIN)  AND  THE  rcURi'4)  ATTACHMENT 
FASTENERS  ONLY.  ALL  EXPOSED  SURFACES  CP  THE  LCE  COMPONENTS 
SHALL  HAVE  EMlSBtVITIES  OF  0.7  OR  GREATER 
, INSTALLATION  CLEARANCE  in  SPACECRAFT  2.50  INCH  MINIMUM 
bORESlGHTlNG  FIXTURE  TO  Bt  REMOVED  FROM  LCE.  AFTER 
&ORC SIGHTING  is  ACCOMPLISHED 


A 


sun  Shade  to  be  attached  after  lce  is  installed  in  spacecraft 

THE  FOUR  (4)  MOUNTING  SURFACES  ON  THE  SPACECRAFT  ARE  TO 
BE  PARALLEL  WITH  RESPECT  TO  EACH  QThER  TO  WITHIN  .COS  OR  LESS 
all  interface  holes  on  both  Spacecraft  and  lce  are  to  be 
located  6V  AH  AGC  SUPPLIED  TOOL,  THIS  INCLUDES  THE  HOLES 
REQUIRE  TO  Tie  WTO  THE  SPACECRAFT  HEAT  Sink  AS  WELL  AS  ThE 


Spacecraft  heat  Sink  ad  well  as  the 

iyyKJll  millhanicial  Tlt  POINTS.  HOLES  TQ  BE  DRILLED  WHILE. 

. STRUCTURE  and  TOOL  ARE  AT  2Q*C  = IQ* 

thi  spacecraft  Electrical  cables  connect  directly  into 

RECEPTACLES  ON  THE  LCE  BLACK  BW£1  ALL  CONNECTORS  ARE  IN 

§ COMPLIANCE  WITH  NASA  SPECIFICATION  GBFC-S- J2S -PlO  APPROVED 
PARTS  LIST  St-OlOA 

SPACECRAFT  TELESCOPE  APERTURE  plate  to  BE  MOUNTED  IN  THIS  AftEA 
INFORMATION  TAKEN  FROM  GENERAL  ELECTRIC  OCCUMCMT 
DIMENSION  TO  BE  DETERMINED 

spacecraft  e lce  interface  boot  (tbd) 

24.  THE  maximum  in- PLANE  LOAD  INTO  SURFACE  'A-  Shall  NOT  EXCEED 
(TOD)  LBS,  the  LOAD  Shall  NOT  PRODUCE  A DISPLACEMENT  OF  THE 
LCE  BASEPLATE  COORDINATES  SV  MORE  THAN  (TBD)  INCHES 
IB.  THE  MAXIMUM  OUTDF-PLANC  LOAO  (NtO  SURFACE -A- SHALL  NOT  EXCEED 
(TM|  LBS.  THE  LOAD  Shall  NOT  PRODUCE.  A DEFLECTION  OF  THE 
LCE  BASEPLATE  FLATNESS  BY  MORE  THAN  .005  INCHES  IN  ANY 
OIRCCTIOW 


2 A.  ATTACHMENT  BETWEEN  SURFACE  -A-  AND  THE  SPACECRAFT  HEAT  SINK 
WILL  BE  BY  *.3l  SCREWS.  The  NUMBER  OF  SCREWS  TO  trah- 
TWC  LEE  HEAT  DISSIPATED  LOAO  WILL  BE  (TBS)  , SCREWS  Tq  BE 


TORQUCD  TO  (TBB)lM.  LBS  THE  MAXIMUM  LOADS  IN- PLANE*  AND 
OUT-OF*  PLANE.  INTRODUCED  INTO  SURFACE  -A-  BY  THE  SPACECRAFT 
HEAT  SINK  DUE  TO  ANY  MEANS  SHALL  NOT  PRODUCE  A 
. DEFLECTION  GREATER  THAN  .006  INCHES 
At  MINIMUM  CLEARANCE  WITH  BOOSTER.  ADAPTER  STRUT  TBO 


/ 
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Figure  5. 4. 1-1 
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5.4.2  Thermal  Interface 

The  LCE  spacecraft  transceiver  is  mounted  structurally  to  the 
north  vail  of  the  ATS  at  four  locations.  It  is  also  in  contact  with  the  ATS 
on  the  north  vail  over  the  areas  where  the  LCE  beryllium  heat  sink  is  in 
direct  contact  with  the  ATS  heat  pipes.  This  latter  contacting  area  is  pro- 
vided to  permit  sufficient  ATS/LCE  heat  flow  so  that  the  spacecraft  transceiver 
can  he  maintained  at  20±10°C  under  orbital  conditions.  There  are  no  other 
physical  contacts  between  the  LCE  and  the  spacecraft. 

The  maximum  amount  of  thermal  energy  crossing  from  the  LCE  heat 
sink  to  the  ATS  heat  pipes  during  normal  laser  operation  at  28  volts  will  be 

63.2  watts.  This  represents  57.2  watts  of  dissipated  electrical  power  plus 

6 watts  of  absorbed  solar  input  to  the.  telescope  (should  it  be  facing  the  sun). 
The  maximum  amount  6f  thermal  energy  that  will  flow  the  other  way  is  5 watts. 
This  is  the  maximum  rate  at  which  heat  can  escape  to  space  through  the 
telescope  window.  The  LCE  heat-sink/ATS  heat -pipe  energy  transfer  will  be 
the  only  significant  heat  transfer  occurring  between  the  LCE  and  the  ATS. 

There  are  three  spacecraft  transceiver  faces  that  are.  interior. 

Two  of  them  face  other  experiments  in  the  EVM,  The  third  faces  the  equipment- 
module  interior.  Radiation  across  these  three  boundaries  could  be  a source  of 
LCE/ATS  heat  transfer,  except  that  the  ATS  heat  pipes  will  maintain  the  LCE 
transceiver  at  the  same  temperature  as  the  other  modules  adjacent  to  the  LCE. 

The  spacecraft  transceiver  is  isolated  from  heat  transfer  to  and 
from  space  by  superinsulation  on  all  uncovered  areas  of  its  three  space- facing 
surfaces,  except  in  two  locations:  the  radiator/sunshade  and  the  earth- facing 

window.  The  radiator/ sunshade  has  been  specifically  designed  to  be  effectively 
isolated  from  the  rest  of  the  transceiver.  Thus,  any  thermal  interchange 
between  the  radiator /sunshade  and  space  has  no  effect  on  LCE/space  thermal 
interchange.  The  earth- facing  window  allows  a thermal  interchange  between 
the  inside  of  the  telescope  assembly  and  space.  Extensive  analyses  have  been 
performed  in  this  area  utilizing  an  Aerojet  Monte  Carlo  Program.  The  multi- 
bounce  computer  simulations  include  mirror  geometries,  locations,  and  surface 
properties,  as  well  as  the  properties  of  the  superinsulation  that  lines  the 
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interior  of  the  telescope  assembly  helmet.  Details  of  the  analysis,  including 
assumptions  and  a discussion  of.  tradeoffs  that  led  to  the  present  design,  are 
included  in  Appendix  C.  The  resulting  extremes  in  energy  transfer  were  found 
to  be  6 watts  into  the  LCE  transceiver  from  space  when  the  sun  is  looking 
directly  in  with  rays  normal  to  the  earth- facing  plane;  and  5 watts  out  when 
this  face  is  looking  to  space.  The  surface  properties  of  each  major  telescope 
component  have  been  selected  with  the  solar  input  problem  in  mind. 

During  normal  laser  operation,  the  LCE  electronics  is  presently 
scheduled  to  dissipate  57.2  watts  of  thermal  energy.  A listing  of  the  specific 
amounts  of  power  dissipated  from  each  transceiver  heat  source  that  make  up 
this  total  power  is  given  in  para,  5. 4. 3.1?  along  with  the  power  dissipations 
under  other  operating  modes. 

The  spacecraft /experiment  interface  control  drawing,  shown  in 
Figure  5. 4.1-1,  includes  several  notes  that  are  imposed  in  order  to  satisfy 
various  thermal  interface  considerations.  The  text  of  each  note  and  the  need 
for  including  it  are  considered  below.  In  general,  these  notes  conform  with 
the  GSFC  ATS  F and  G interface  specification. 

Note  7:  "Surface  A shall  be  in  direct  physical  contact  with  the 

spacecraft  heat  sink.  The  spacecraft  contractor  shall  insure  that  a contact 
\ 2 o 

conductance  (h  ) of  at  least  40.0  Btu/hr-ft  - F exists  between  the  spacecraft 
heat  sink  and  each  square  inch  of  the  areas  indicated  on  surface  A.  A\l(32/,'~ 
or  better  surface  finish  on  surface'  A and  on  mating  .surface  is  required. 

Finish  grain  will  be  parallel  to  the  Z-axis  of  the  spacecraft." 

The  thermal  requirement  here  is  that  the  contact  between  the 
LCE  spacecraft  transceiver  heat  sink  and  the  ATS  heat  pipes  be  adequate  for 
carrying  the  worst- case  thermal  load  likely  to  cross  that  boundary.  The 
specified  surface  finish,  grain  alignment,  and  contact  areas  are  sufficient 
to  satisfy  this  requirement. 

Note  8:  "The  LCE  will  dissipate  approximately  57  watts  of  electri- 
cal power.  The  major  portion  of  this  heat  will  be  generated  directly  above 
the  areas  indicated  by  hidden  lipes." 
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The  specific  components  from  which  this  power  is  dissipated 
were  delineated  later  in  para.  5. 4. 3.1.  All  power  dissipators  that  could  he 
att ached  directly  to  the  LCE  transceiver  beryllium  heat  sink  have  been  so 
located  in  order  to  minimize  thermal  gradients. 

Note  9*  "The  maximum  temperature  difference  between  the  warmest 
and  coldest  portion  of  the  spacecraft  heat  sink  which  is  in  contact  with  the 
LCE  shall  at  all  times  be  less  than  4°C.  The  nominal  temperature  of  the  heat 
sink  shall  be  within  the  range  20°C  ± 10°C.,r 

Placing  an  allowable  maximum  of  4°C  on  any  he  at- sink  temperature 
gradient  prevents  the  possibility  of  structural/optical  distortion  caused  by 
differential  thermal  expansion  of  the  base.  Meeting  the  allowable  4°C  is 
aided  by  proper  selection  of  LCE  heat- sink  material,  thickness,  location  with 
respect  to  power  dissipators  and  to  heat  pipes,  and  heat-sink/heat-pipe 
contact  conductance.  Nominal  heat- sink  operating  temperature  limits  of  20  ± 10°C 
are  required  by  NASA,  These  limits  assure  a stable  thermal  platform  from  which 
to  operate;  they  are  met  by  the  use  of  the  ATS  louver/heat  pipe  system. 

Note  10:  "Deposition  of  foreign  particles  on  external  thermal 

control  surfaces  of  the  LCE  shall  not  change  e by  more  than  .01  and.  a by 

s 

more  than  .01,  or  mirror  specularity  by  more  than  .01." 

Observance  of  this  note  assures  that  no  thermal  control  surface 
will  be  degraded  to  the  extent  that  its  function  is  significantly  impaired. 

. Note  11:  "The  earth  viewing  side  of  the  LCE  is  open -to  space,' 

There  is  no  filter  over  the  opening  of  the  telescope  to  attenuate  or  reflect 
incident  solar  energy.  This  opening  will  act  as  a heat  source  or  heat  sink 
for  the  spacecraft  depending  on  the  time  of  day  and  season  of  year.  At  no 
time,  however,  will  this  opening  cause  a heat  input  to  the  spacecraft  greater 
than  six  (6)  watts,  or  a heat  drain  greater  than  five  (5)  watts." 

These  values  of  maximum  heat  leak  through  the  earth  facing 
window  were  determined  analytically  using  the  Aerojet  Monte  Carlo  program. 

A major  assumption  of  this  analysis  was  that  the  telescope  interior  would  be 

1 

completely  covered  with  superinsulation,  except  for  the  mirror's  reflecting 
surfaces.  The  details  of  the  analysis  are  described  in  Appendix  C. 
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Note  12:  "No  element  of  the  spacecraft  -will  have  a direct  view 
factor  to  surface  -D-." 

The  purpose  of  this  design  requirement  is  to  minimize  the 
incident  radiation  to  the  radiator.  Surface  -D-  is  the  space- viewing  side 
of  the  radiator.  The  wineglass  sunshade  has  been  designed  specifically  so 
that  the  radiator  does  not  have  a direct  view  of  the  spacecraft  nor  any  view 
of  specular  bounces  from  the  spacecraft. 

Note  13:  "The  LCE  shall  be  in  direct  physical  contact  with  the 
spacecraft  heat  sink  (.050-in.  thick  aluminum  skin)  and  the  four  (4)  attach- 
ment fasteners  only.  All  other  surfaces  within  the  EVM  of  the  spacecraft 
which  are  viewed  by  the  LCE  shall  be  essentially  adiabatic." 

The  pin-pose  of  this  is  to  reiterate  that  the  ATS  spacecraft 
thermal  control  system  is  responsible  for  handling  all  LCE  thermal  loads 
directly  through  the  LCE  he at- sink  attachment.  The  interior  LCE  transceiver 
faces  are  essentially  adiabatic,  by  virtue  of  the  LCE  components  being 
maintained  at  the  same  temperature  as  the  components  of  the  other  EVM  experi- 
ments. 

Note  14:  "Installation  clearance  in  spacecraft  2.50  inch  minimum." 

This  allows  attachment  of  the  radiator  to  the  outside  of  the 
north  wall  heat  sink  prior  to  LCE  transceiver  integration  with  the  spacecraft. 
Only  the  sunshade  must  be  attached  after  the  LCE  has  been  installed  in  the 
spacecraft.  The  primary  advantage  of  this  is  that  the  detector  can  be  aligned 
better  prior  to  spacecraft  attachment  than  after,  and  the  coaxial  cable  that 
connects  the  radiator-mounted  detector  to  the  preamp  can  be  more  easily 
installed  prior  to  spacecraft  installation. 

Note  16:  "Sunshade  to  be  attached  after  LCE  is  installed  in 

spacecraft." 

There  is  no  way  around  this,  since  the  LCE  is  installed 
through  the  west  face  of  the  spacecraft  while  the  sunshade .must  be  attached 
to  the  north  face  of  the  LCE. 
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5.4,3  Electrical  Interface 

5. 4. 3.1  Power  Requirements 


The  spacecraft  transceiver  will  operate  entirely  from  the  EVM 
regulated  DC  bus.  The  characteristics  of  this  supply  as  contained  in  Specifi 
cation  S-460-ATS-38  are  summarized  below: 


Voltage 

Ripple 

Transient  spikes 
Conducted  noise 
Output  impedance 


28.0±2 % 

10  mv  rms j maximum 
± 2v  peak  (energy  30  millijoules) 
10  mv  pk,  0 to  15  kHz 
0.1  ohm,  0 to  15  kHz 


The  necessary  switching  to  activate  or  deactivate  the  equipment 
will  be  contained  within  the  LCE  power  supply  unit  and  will  be  controlled 
through  the  spacecraft  command  system. 


Input  current  and  power  will  be  a function  of  the  mode  of  operation, 
as  defined  in  Table  5*4. 3-1*  In  particular,  during  normal  operating  mode,  the 
required  power  is  57*8  watts.  The  elements  which  make  up  the  power  budget 
and  discussions  of  the  potential  ways  in  which  this  requirement  will  change 
and,  in  particular,  decrease,  are  presented  below. 

5. 4. 3. 1.1  Power  Budget 

The  estimated  power  required  for  operation  of  the  various  elements 
of  the  LCE  spacecraft  transceiver,  used  in  deriving  Table  5. 4. 3-1,  may  be 
summarized  as  follows:  The  optical  receiver  requires  2.0  watts  for  operation 

while  the  laser  startup  and  frequency  control  loops  consume  4.9  watts;  the 
signal  processing  subsystem  requires  11.3  watts  for  operation;  the  transmitter 
laser  uses  13.5  watts;  the-local  oscillator  laser  5 watts,  and  the  backup  laser 
8.5  watts  (when  operating);  the  modulator  and  oven  require  a power  input  of 
13,6  watts;  power  supply  losses  are  estimated  at  7,5  watts;  and  the  mirror 
drive  motors  consume  2.0  watts  (when  running). 

Reasons  for  increase  of  the  power  requirement  over  the  original 
LCE  spacecraft  power  estimate  of  about  30  watts  fall  into  three  categories: 
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(l)  increased  power  due  to  added  functional  capabilities,  (2)  power  require- 
ments for  functions  that  were  not  included  in  the  original  estimate,  and 
(3)  original  underestimation  of  the  power  required  for  certain  functions. 

The  first  category  includes  power  for  increased  frequency  offset 
for  the  local  Oscillator  (3*6  watts)  and  increased  peak  frequency  deviation 
in  the  modulator  (4.7  watts).  Both  of  these  changes  were  incorporated  after 
discussion  with  NASA  personnel. 

The  original  power  estimate  did  not  include  allowances  for  power 
supply  loss,  encoder  exciter  lamp  consumption,  mirror  motor  drive  requirements, 
PZT  requirements,  or  modulator  temperature  control. 

Present  understanding  of  the  design  shows  an  original  underestimation 
of  the  power  required  for  the  modulator  driver  and  the  signal  processing  sub- 
system. 

Intensive  efforts  have  been  initiated  to  reduce  the  present  power 
requirements.  The  possible  modifications  are  discussed  below. 

5.4. 3.1.2  Potential  Changes  in  Power  Consumption 

There  are  potential  changes  in  power  consumption  requirements  for 
almost  all  of  the  budget  elements,  but  most  are  expected  to  result  in  reduced 
power.  These  are  discussed  below. 

(1)  The  present  Signal  Processor  design  uses  integrated  circuits 
of  high  power  consumption  to  achieve  optimum  performance.  It  is  expected  that 
low-power  circuits  will  be  available  in  the  near  future  which  provide  similar* 
operation.  This  change,  if  found  feasible,  offers  a potential  power  reduction 
of  '2.5  watts. 

(2)  If  the  spacecraft  transceiver  can  be  operated  without  the 
need  for  continuous  operation  of  the  coarse  pointing  mirror  position  readout, 
the  electronic  circuitry  and  the  encoder  may  be  shut  down  with  a.  power  saving 
of  4.3  watts. 
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(3)  The  startup  loops  for  the  laser  tubes  operate  continuously 
in  the  present  design.  The  impact.  ( ~ 1 "watt)  and  potential  saving  of  including 
a mechanism  for. turning  these  off  is  being  investigated. 

(4)  The  power  supply  loss  assumed  an  80 $ efficiency.  Present 
design  results  in  an  efficiency  of  55-60$.  An  intensive  redesign  effort  (See 
Section  5.2,6)  is  presently  being  performed.  It  is  expected  that  a large 
simplification  of  the  power  supply  design  and  a reduction  in  the  power  supply 
loss  will  result. 

(5)  Breadboard  tests  of  the  local  oscillator  have  shown  larger 
in- cavity  losses  than  were  originally  anticipated,  primarily  due  to  the 
introduction  of  a grating  in  the  cavity  which  was  not  optimized  for  the  LCE 
operation.  This  resulted  in  a larger  power  requirement  on  the  breadboard 
(10-20$,  see  Section  5*2.6),  'It  is  expected  that  this  potential  increase  will 
be  minimized  by  use  of  an  optimized  grating.  In  addition,  a potential  decrease 
of  required  local  oscillator  power  ( ~ 2 watts)  by  extracting  the  output  off 
the  grating  instead  of  through  the  mirror  is  being  investigated. 

(6)  The  breadboard  tests  of  the  transmitter  have  shown  larger 
power  requirements  for  the  laser  tube  than  were  originally  anticipated  (10- 
20$,  see  Section  5*2,6).  This  was  primarily  due  to  unexpected  in-cavity  losses 
in  the  modulator  crystal.  This  increased  tube  power  can  be  eliminated  by 
shortening  the  crystal,  but  there  is  a resulting  increase  in  modulator  power, 

A trade  between  tube  power  end  modulator  length  and  power  is  presently  being 
performed  to  optimize  the  required  power.  The  increased  tube  power  can  also 
be  eliminated  if  future  crystals  exhibit  absorption  losses  closer  to  the  value 
expected. 

5-4. 5*2  Telemetry  Requirements 

5. 4. 5. 2.1  Quantities 

Tile  LCE  spacecraft-transceiver  telemetered  parameters  arid  number 
of  bits  required  to  assure  operation  of  the  experiment  are  listed  in  Table 
5. 5- 5-2 . These  are  to  be  delivered  on  a real-time  basis  to  the  LCE  operating 
console.  All  signals  except  the  22-bit  coarse  pointing  mirror  position 
channels  will  be  presented  at  the  ground  station  with  an  accuracy  of  +1$. 
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The  mirror  position  channels  need  only  be  presented  as  binary  bits  (”0M  or 
1 ).  The  spacecraft  telemetry  will  give  a read  command  to  the  experiment 
each  time  the  22  bits  are  to  be  read  for  transmission. 

5*4. 3. 2. 2 Signal  Characteristics 

All  signals  will  nominally  fall  between  0 and  + 5 volts  with 
respect  to  the  experiment  signal  ground  interface.  Signals  will  be  limited 
within  the  experiment  so  that  the  interface  will  not  see  more  than  0.7  volts 

I 

negative  or  more  than  5.7  volts  positive  under  any  condition.  All  telemetry 
signals  will  be  delivered  from  a source  impedance  of  1000  ohms  or  less. 

5- 4-- 3. 3 Command  Requirement s 

5.4.3.3.1  Functions 

The  ICE  spacecraft  transceiver  functions  which  must  be  initiated 
by  remote  command  are  listed  in  Table  5*3*3-3>  along  with  the  associated  data 
bits  required . All  commands  are  of  the  discrete,  binary  type  except  for  those 
directing  the  coarse  pointing  mirror . Here  three  magnitude  commands  are 
required  to  provide  azimuth  and  elevation  orders  to  the  necessary  accuracy. 

A magnitude  command  shall  consist  of  a nine-bit  data  word,  a clock  line  for 
synchronization,  an  enable  line  to  address  the  correct  function  for  the 
elapsed  time  during  which  the  nine  bits  are  presented,  and  a separate  discrete 
command  for  function  execute.  The  remainder  of  the  commands  required  are 
single  discrete  commands  which  must  be  capable  of  being  repeated  the  required 
number  of  times  to  command  the  desired  operation. 

5. 4. 3. 3. 2 Signal  Characteristics 

All  commands  shall  present  a voltage  of  less  than  0.5  for  a "o" 
and  more  than  4.0  volts  for  a 1 . The  input  of  the  command  interface  is  a 
current  source,  and  the  spacecraft  command  source  must.be  capable  of  supplying 
2 mi Hi amperes  current  sink  while  maintaining  the  M0"  voltage  limits. 

5 . 4 . 3 • 4 Grounding  Requirements 

5.4. 3. 4.1  Power  Grounds 

The  incoming  spacecraft  jtower  return  will  not  be  grounded  in  the 
experiment.  All  internally  converted  power  will  be  grounded  to  the  experiment 
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heat  sink/baseplate,  as  will  all  other  housings  and  shields  in  the  spacecraft 
transceiver.  ; 

5.4. 3-4.2  Signal  Grounds  - 

Signal  ground  will  be  connected  to  power  ground  at  the  common 
point  in  the  power  supply.  Throughout  the  rest  of  the  experiment  system, 
signal  ground  will  be  isolated  from  the  frame  and  housings. 
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TAB  IE  3.4-3“! 

LCE  POWER  DEMAND  FOR  VARIOUS  MODES 


Power  (at  2 8 v) 


Mode 

Description 

watts 

Startup 

All  subsystems  on,  as  in  normal 
operation;  coarse-pointing  mirror 
motors  drive  to  selected  position 

59-8 

Acquisition 

Search  system  operating  to 
acquire  the  remote  station 

57-8 

Normal  Operation 

Operating  in  the  track  condition 
while  transmitting  and  receiving 
the  baseband  signals 

57-8 

Backup 

Backup  laser  replaces  either  the 
transmitter  laser  (for  CW)  or 
the  local  oscillator  for  normal 
operation 

Transmitter  inoperative 

No  baseband  transmission 

if0.7 

DO  inoperative 

Normal  operation 

62.0 

Standby 

All  electronic  systems  off,  but 
modulator  oven  operating  (always 
on  when  experiment  power  on) 

2.8  max 
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TAB IE  ^.4.3-2 

SPACECRAFT  TRANSCEIVER  TELEMETRY  REQUIREMENTS 

Function Channels 

Transmitter  Current  1 

Transmitter  Voltage  2 

Local  Oscillator  Current  1 

Local  Oscillator  Voltage  2 

Backup. Laser  Current  1 

Backup  Laser  Voltage  2 

Modulator .Current  1 

Local  Oscillator  Tuner  Voltage  1 

Backup  Laser  Tuner  Voltage  1 

Transmitter  Power  Output  1 

Local  Oscillator  Fower  Output  1 

Backup  Laser  Power  Output  2 

Analog  Coarse  Pointing  Mirror  Position  2 

Digital  Coarse  Pointing  Mirror  Position  22 

Image  Motion  Compensator  Position  (Coarse)  2 

Image  Motion  Compensator  Position  (Pine)  2 

Receiver  AGC  Voltage  1 

Mixer  Bias  Current  1 

AFC  Error  Output  1 

Acquisition  Threshold  Voltage  1 

Acquisition  Conform  Threshold  Voltage  1 

Nut  at  or  Bias  Voltage'  ■ 2 

Laser  Heat  Sink  Temperature  3 

Modulator  Temperature  1 

Radiator  Temperature  1 

Sun  Shield  Temperature  I 

Spare  : 5 

60 
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TABLE  5-4. 3-3 

SPACECRAFT  TRANSCEIVER  COMMAND  REQUIREMENTS 

Function 

. Commands 

Discrete 

6 power  supplies  (on-off) 

12 

3 mirrors  (in-out ) 

6 

Passband  selection 

3 i 

Laser  current  adjust 

3 

BU  laser  line  selection 

3 

Receiver 

2 

Laser 

1 

Acquisition 

1 / 

Acquisition  threshold 

1 

Beam  alignment  (nutator  bias) 

4 

Acquisition  confirm  threshold 

1 

Spare 

hi 

.Magnitude  . 

Coarse  pointing  mirror  position 

3 (9-bit  words) 

! Table  3.4. 3-3 
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5*4.4  EMC  Requirements 

The  GSFC  specification  for  the  LCE  spacecraft  transceiver  calls, 
in  paragraph  3* 3* 1-5*  listing  all  sources  within  the  spacecraft  transceiver 
generating  RFI  (f  > 1 kHz)  greater  than  0 dbm,  and  for  ripple  feedback  to  the 
payload  regulator  of  less  than  150  millivolts  as  a design  goal.  The  following 
discussion  applies  not  only  to  these  questions , but  to  the  more  general 
problem  of  I£E  electromagnetic  interference  and  techniques  for  its  control. 

5.4. 4.1  Considerations 

The  following  documents  are  being  used  as  guides  to  accomplish  EMC 
goals  for  the  LCE  spacecraft  transceiver  : 

Electromagnetic  Interference  Character- 
istics Requirements  for  Equipment 

Electromagnetic  Interference  Character- 
istics, Measurement  of 

Definitions  and  System 'of  Units,  Electro- 
magnetic Interference  Technology 

Bonding,  Electrical,  and  Lightning 
Protection,  for  Aerospace  Systems 

Chemicals,  Films,  and  Chemical  Film 
Materials  for  Aluminum  and  Aluminum 
Alloys 

Coating,  Corrosion  Protective,  for 
Magnesium,  Magnesium  Alloy,  Application 
of 

3-4. h. 2 EMI  Sources 

5. 4. 4. 2.1  Spacecraft 

The  main  source  of  EMI  from  the  spacecraft  is  radiation  from  the 
2.3-GHz  transmitter.  The  LCE  is  not  directly  susceptible  to  this  frequency, 
but  there  is  a possibility  of  induced  currents  causing  rectification  effects 
and  effecting  sensitive  circuitry. 

Conducted  sources  include  the  spacecraft  power  line,  command  lines, 
telemetry,  and  video  cables.  Power-line  EMI  will  be  controlled  by  filtering 


MIL-STD-461A 
MIL- STD -462. 
MIL-STD-463 
MIL-B-5087  (ASG) 
MIL-C-5541A 

AGC- 20014 
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and  power-supply  isolation.  Control  of  the  signal  cable  EMI  will  be  effected 
by  proper  shielding  and  grounding.  . , 

5. 4.  b.  2. 2 LCE 

There  are  two  major  sources  of  EMI  in  the  LCE.  The  transmitter 
laser  modulator  requires  a drive  voltage  of  up  to  200  volts  peak-to-peak 
in  the  frequency  range  of  1 to  6 MHz.  The  second  source  is  the  laser  high- 
voltage  power  supply. 

Radiation  from  these  sources  will  be  minimized  by  RFI-tight  shield- 
ing enclosures.  Measurements  will  be  made  on  the  power-supply  breadboard  to 
determine  the  filtering  required  against  conducted  interference . The  sub- 
contractor responsible  for  detailed  design  of  the  laser  subsystem,  which  con- 
tains the  laser  modulator,  will  be  required  to  control  his  conducted  and 
radiated  interference  and  furnish  proof  of  compliance. 

There  are  no  known  sources  of  EMI  in  the  LCE  transceiver  that  are 
capable  of  producing  any  appreciable  energy  at  2.3  GHz  that  may  interfere  with 
the  spacecraft  RF  receiver.  The  highest  frequency  signal  with  any  significant 
power  is  contained  in  the  laser  modulator  driver  at  6 MHz.  Since  linearity  is 
one  of  the  prime  design  requirements  of  this  circuit,  no  harmonics  are 
generated.  The  LCE  receiver  subsystem  contains  a 30-MHz  IF  amplifier,  but  it 
processes  low-level  signals  and  by  its  very  nature,  is  well  shielded. 

5. 4.  h. 3 Bonding  Techniques 

The  following  rules  will  be  followed  for  LCE  transceiver  mechanical 

EMC  design: 

(l)  All  electronic  enclosures  will  be  electrically  bonded  to  the 
baseplate.  Conductive  protective  finishes  on  contacting  surfaces  are  necessary 
to  assure  good  electrical  contact.  Alodine  1200S,  per  MIL-C-33II,  on  aluminum 
and  Iridite  15,  per  AGC-20014,  on  magnesium  are  being  used  for  the  W71  sensor 
project  with  success.  Surface  flatness  required  for  thermal  conductivity  is 
adequate  to  assure  good  electrical  conductivity.  Bonding  resistance  will  not 
be  more  than  2-5  milliohms,  as  a design  goal,  with  an  acceptance  limit  of  3 
milliohms . The  preceding  comments  apply  also  to  spacecraft  bonding. 
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(2)  All  other  metallic  structures  such  as  optical  elements  that 
are  mounted  on  an  insulating  surface  will  be  bonded  to  the  baseplate  by  a 
strap  or  jumper. by  the  methods  described  in  MIL-B-5087B,  paragraph  3*4. 

(3)  The  LCE  transceiver  will  be  provided  with  an  overall  metallic 
cover  to  prevent  the  entrance  of  RF  energy.  The  cover  will  be  bonded  to  the 
baseplate.  RF  gasketing  material  will  be  used  at  all  joints  to  assure  a tight 
seal. 

5.4. 4. 4 Shielding  and  Cabling  Considerations 

Interconnecting  cables  and  wires  will  be  categorized;  i.e.,  low- 
level,  power,  video,  etc.  All  wires  will  be  cabled  and  routed  only  with 
wires  and  cables  of  the  same  category,  and  cables  of  the  same  category  will 
be  separated  from  all  other  cables  by  a minimum  of  2 in.  (except  at  a common 
connector).  Where  different  cable  categories  are  terminated  in  the  same 
connector,  grounded  spare  pins  will  be  used  for  added  isolation. 

Shields  of  low-level,  low-frequency  circuit  cables  will  be  grounded 
at  one  end.  Video  and  power  cables  will  be  grounded  at  both  ends.  In  addi- 
tion, all  power  cables  will  be  twisted  shielded  pair. 

5.4.4. 5 EMC  Tests 

The  MIL-STD-461A  tests  that  have  been  selected  to  be  performed 
on  the  FTM  are  listed  in  paragraph  f.3*3 7*  The  GSFC  specification  on  conducted 
emissions  will  be  adhered  to.  These  tests  were  chosen  on  the  basis  of  assuring 
compatibility  of  the  LCE  transceiver  with  itself  and  with  the  spacecraft.  This 
list  will  be  reviewed  periodically  during  the  program  and  changes  made  where 
necessary.  Implementation  of  these  tests  will  be  set  forth  in  the  test  plans 
and  procedures . 

5. 4. 4. 6 EMC  Summary 

No  great  difficulty  is  anticipated  in  meeting  the  RFI  requirements 
for  the  LCE  spacecraft  transceiver.  This  opinion  is  based  on  Aerojet  experi- 
ence with  other  applications  of  electro-optical  equipment  in  spacecraft  in 
which  EMC  techniques  such  as  those  discussed  were  successfully  applied.  The 
EMI ’levels  at  the  spacecraft  interface  will  be  tabulated  for  the  various  LCE 
sources  as  part  of  the  normal  detail  design  process.  It  appears  that  the 
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ripple  feedback  to  the  payload  regulator  can  be  held  belov  the  specified 
maximum  of  150  millivolts,  except  possibly  for  brief  transients  during 
infrequent  LCE  operations  such  as  startup. 

5.4.5  Design  Environmental  Requirements 

The  LCE  spacecraft  transceiver  is  being  designed  to  the  environ- 
mental requirements,  included  in  Specification  AGC-20511,  "Environmental  Design 
Criteria  and  Test  Levels  for  the  Laser  Communication  Experiment  and  Associated 
Components . " 
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5-5  FEASIBILITY  OF  INCLUDING  LCE  SYSTEM  ON  THE  ATS -F 

. SPACECRAFT 

3*5*1  General  Acceptability 

From  the  information  presented  in  the  preceding  sections,  it  is 
clear  that  the  LCE  is  compatible  with  the  interface  requirements  of  the  ATS-F 
spacecraft.  Although  the  weight  and  power  consumption  of  the  LCE  are  higher 
than  the  design  goals,  they  are  both  within  the  capability  of  the  spacecraft. 
Furthermore,  efforts  to  decrease  both  weight  and  power  will  be  continued 
throughout  the  LCE  design  phase. 

5*5*2  Installation  and  Handling 

Installation  of  the  LCE  transceiver  into  the  spacecraft  does  not 
appear  to  present  any  problems  at  this  time.  The  experiment  package  with  the 
radiator  sun  shield. removed  can  be  inserted  into  the  spacecraft  from  the 
earth-viewing  side,  and  then  lifted  onto  its  mounting  pads  on  the  north  face 
of  the  EVM  with  the  radiator  projecting  through  a hole  in  the  north  side 
panel.  The  sun  shield  can  be  installed  at  a later  time  in  order  to  minimize 
the  exposure  of  its  polished  inner  surface  to  handling  and  contamination. 

There  are  no  stringent  requirements  for  alignment  of  the  trans- 
ceiver with  the  spacecraft.  A tolerance  of  as  much  as  0.5°  can  be  permitted. 
However  once  the  unit  is  installed  the  alignment  of  a reference  axis  on  the 
transceiver  should  be  measured  with  respect  to  the  spacecraft  Z-axis  to  an 
accuracy  of  +0.005°  in  order  to  permit  pointing  data  from  the  LCE  to  be  used 
to  evaluate  spacecraft  attitude  determination  data.  A removable  alignment 
mirror  will  be  supplied  with  the  transceiver  to  facilitate  this  measurement. 

In  addition,  care  will  be  required  in  the  design  of  the  space- 
craft mechanical  and  thermal  interface  to  prevent  deflection  of  the  trans- 
ceiver baseplate  by  the  spacecraft  during  LCE  operation. 

Another  area  which  will  require  close  attention  is  the  problem  of 
maintaining  the? optical  properties  of  the  radiation,  cooler  and  sun  shield. 
Means  must  be  provided  to  protect  the  sun  shield,  in  particular,  from  the 
time  it  is  installed  until  the  completion  of  the  mission.  During  ground 
testing,  the  surfaces  of  the-  shield  must  be  protected  from  handling  and 
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airborne  contaminants.  Related  to  this,  the  surfaces  must  he  protected  from 
particles  that  may  he  ahaken  loose  from  nearby  surfaces  during  the  boost 
phase,  and  the  surfaces  must  he  protected  from  particles  expelled  from  other 
portions  of  the  satellite  while  in  orbit  (e.g.,  cesium  ion  engine,  thrusters, 
etc.).  ) f. 

5 >3  * 3 Launch  Environment 

The  launch  environment  to  which  the  LCE  will  be  exposed  is  con- 
sidered to  be  compatible  with  the  system  design  as  it  is  presently  conceived. 
The  design  qualification  test  which  will  have  the  greatest  influence  on  the 
structural  design  is  the  sinusoidal  vibration  test.  If  it  appears  from  a 
preliminary  low-level  scan  of  the  test  spectrum  that  damage  could  result 
from  high  amplifications  at  resonant  frequencies,  NASA  personnel  will  be 
contacted  to  determine  if  a reduction  in  input  amplitude  can  be  justified  by 
spacecraft  structural  analysis  at  those  specific  frequencies.  If  such  re- 
ductions are  permitted,  it  may  be  possible  to  avoid  damaging  the  test  unit  by 
an  unrealistic  test,  and  thus  eliminate  the  consequent  redesign  and  its 
attendant  weight  increase.  Efforts  are  underway  to  determine  potential 
resonant  frequencies  in  the  LCE  structure  and  resultant  amplifications  so 
that  investigation  of  spacecraft  motion  at  these  frequencies  can  be  initiated 

5*5*^-  Orbital  Environment 

The  orbital  environment  does  not  appear  to  present  any  hazards 
to  the  operation  of  the  experiment.  However,  information  on  vibration  levels 
as  a function  of  frequency  within  the  spacecraft,  caused  by  reaction  wheels, 
solenoid  valves,  etc.,  is  still  needed  to  assure  compatibility. 

Care  must  also  be  taken  that  the  LCE  or  other  equipment  within, 
the  spacecraft  does  not  contain  material  which  can  outgas  in  a vacuum  environ 
ment  and  condense  on  the  cold  radiator  or  mixer  surfaces.  Reports  from  other 
programs  concerning  the  formation  of  frost  on  cooled  detectors  should  be 
reviewed  to  determine  if  a cause  and  corrective  action  for  this  phenomenon 
has  been  determined  so  that  this  potential  problem  can  be  eliminated. 


5.5-2 


Report  No.  4033,  Vol.  I,  Part  1 


5-5-5  Cesium  Ion  Engine  Considerations 

Aerojet  has  made  a detailed  analysis  of  the  possible  effects  of 
contamination  from  the  cesium  ion  engine,  which  is  also  on  the  ATS-F  space- 
craft, This  has  been  based  primarily  on  the  comprehensive  report,  HIT -399, 

MA  Study  of  Cesium  Exhaust  from  an  Ion  Engine  and  its  Effect  upon  Several 
Spacecraft  Components,”  prepared  by  Hittman  Associates,  Inc.,  for  MSA  on 
26  June  1969-  The  HIT -399  report  recommended  that  a proper  biasing  and 
shielding  should  be  made  to  prevent  cesium  ions  and  neutrals  from  impairing 
the  performance  of  an  optical  receiver.  It  is  understood  that  proper  actions 
"will  be  taken  by  Dr.  Robert  Hunter  of  MSA  in  accordance  with  these  recommen- 
dations. However,  a careful  review  of  the  HIT-399  report  reveals  that  there 

✓ 

still  exist  a number  of  uncertainties  which  could  have  significant  effects 
on  the  LCE  program. 

It  is  recognized  that  a direct  view  from  the  radiator  opening  to 
the  ion  engine  nozzle  must  be  avoided  by  a proper  orientation  of  the  ion 
engine  with  respect  to  the  radiator  and/or  by  a protective  shield.  However, 
no  definite  plan  has  been  proposed  as  yet  to  achieve  this.  It  is  recommended 
that  a detailed  plan  should  be  made  for  the  installation  of  a shield  to  pre- 
vent any  of  the  neutral  Cs  atoms  from  reaching  the  surfaces  of  the  sun  shade 
(in  particular  the  inner  surfaces)  and  the  radiator. 

According  to  the  HIT-3'99  report,  there  will  be  more  than  one 
o 

monolayer  (—5  A thick)  of  Cs  deposition  over  the  radiator  surface  during  the 
total  proposed  period  (equivalent  to  45  days)  of  the  ion  engine  experiment. 

This  estimation  does  not  include  diffusion  and  scattering  of  these  neutral 
Cs  atoms  from  directions  other  than  direct  line  of  sight.  The  report  con- 
cluded that  one  to  several  monolayers  of  cesium  would  not  cause  any  significant 
change  in  surface  properties  (emissivity,  reflectivity,  transmissivity  and 
absorption)  of  the  radiator,  based  on  an  older  reference:  (H.  Ives  and 

H.  B.  Briggs,  J .Opt.  Soc.  Am.  27  395,  1937.  It  Is  thought  that  these  old  ' 
experimental  results  do  not  represent  the  physical  properties  of  pure  cesium 
films  because  of  the  oxidation  and  impurity  contents  in  these  films  are  very 
high  due  to  inadequate  high-vacuum  techniques  at  that  time. ) 
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Dr.  Cox  of  Fort  Belvoir,  estimates  that  a monolayer  of  pure  Cs, 
when  uniformly  coated,  can  cause  a significant  change  in  the  surface  proper- 
ties of  the  radiator.  He  believes  that  the  reflectivity  of  Cs  film  can  be 
as  high  as  that  of  Au  film  in  the  infrared  region.  According  to  Figure  IV -2 

of  the  HIT-399  report,  the  transmittance  of  Cs  film  decreases  rapidly  with 

, o 

increasing  wavelength.  For  a 500  A thick  film,  the  transmittance  is  about 

at.  1 micron  and  nearly  zero  at  1.3  microns.  For  longer  wavelengths,  no 

information  on  the  optical  properties  are  available.  The  surface  temperature 

of  the  radiator  is~100°K,  corresponding  to  a peak  of  blackbody  radiation  at 

o 

about  30  microns..  In  this  spectral  region  a very  thin  (—10  A)  layer  of  Cs 
film  could  cause  a Catastrophic  change  in  both  the  transmittance  and  emit- 
tance  of  the  radiator..  Aerojet  strongly  recommends  that  a careful  experi- 
mental study  of  the  thermal  and  optical  properties  of  thin  (one  to  10 
monolayers)  fresh  Cs  film  should  be  conducted  to  resolve  this  problem. 

The  temperature  of  the  radiator  will  be  monitored  as  an  indica- 
tion of  any  adverse  effects  of  Cs  deposition.  But  this  should  only  be  con- 
sidered as  a gross  monitor;  it  must  be  recognized  that  because  of  errors  in 
the  temperature  measurement  and  the  normal  seasonal  and  orbital  temperature 
variations,  it  may  not  be  possible  to  recognize  a temperature  increase  due 
to  Cs  deposition  while  it  is  still  negligivle.  For  this  reason,  it  is 
necessary  to  implement  the  recommendations  outlined  above  in  order  to  develop 
a greater  understanding  of  the  problem. 

It  is  to  be  hoped  that  this  understanding  will  also  provide  a 
high  degree  ,of  confidence  that  the  Cs  engine  will  not  interfere  with  the 
operation  of  the  LCE.  Aerojet  further  recommends  that  the  ion  engine  not 
be  operated  until  a stable  radiator -temperature  history  is  obtained  over 
several  orbits.  This  may  require  greater  than  normal  operation  of  the  LCE 
during  the  early  portion  of  the  flight. 
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5*6  OPERATION  UNDER  NON-STANDARD  CONDITIONS 

There  is  a finite  probability  that  the  spacecraft  will  not  achieve 
its  planned  orbit  or  its  specified  orbital  characteristics.  The  resultant 
non-standard  conditions  will  have  a definite  impact  on  LCE  performance.  The 
primary  non-standard  satellite  conditions  to  be  considered  are  (l)  non- 
sychronous  orbit,  (2)  spinning  satellite,  (3)  excessive  roll  rate,  and  (4) 
improper  inclination.  The  effect  of  each  of  these  conditions  on  the  opera- 
tion of  the  LCE  is  discussed  below. 

It  must  be  noted  that  for  any  of  the  experiment  objectives  to 
be  achieved  under  adverse  conditons,  acquisition  must  be  completed.  The 
acquisition  IF  bandwidth  is  about  9 MHz  at  the  half -power  point,  corresponding 
to  a Doppler  velocity  component  of  20M/sec.  Attempting  to  acquire  with  a 
3~db  signal  loss  ' will  severely  reduce  the  acquisition,  probability.  Further- 
more, the  nominal  operating  point  about  which  the  acquisition  system  parameters 
have  been  optimized  would  no  longer  exist,  decreasing  acquisition  probability 
further.  A detailed  analysis  for  a particular  non-standard  condition  must 

be  performed  in  order  to  quantitatively  determine  the  probability  of  acquisi- 
tion. 

Assuming  acquisition  has  been  achieved  for  a non-standard  orbit, 
a Doppler  velocity  of  — 30M/sec  can  be  tolerated  with  the  heterodyne  signal 
within  the  IF  communication  bandpass  (12  MHz).  Communication  experiments 
could  not  be  performed,  but  atmospheric  measurements  could  be  made  by  con- 
tinuous recording  of  the  Doppler  signal.  Higher  orbits  would  reduce  the 
23 -db  c/N  and  lower  orbits  would  increase  this  value. 

If  the  satellite  is  spinning,  the  LCE  will  not  be  able  to  perform 
any  of  Its  operations. 

If  the  roll  rate  exceeds  the  nominal  value,  acquisition  will  take 
longer,  according  to  the  discussions  of  Section  3*1*5*  The  probability  is 
further  decreased  due  to  departing  from  the  optimized  operating  point.  A 
quantitative  assessment  again  requires  detailed  analysis. 
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Improper  inclination  would  disturb  the  acquisition  somewhat, 
assuming  that  the  satellite  could  he  found.  After  the  two  stations  acquire 
and  lock  following  some  search  operation,  normal  experiment  operation  would 


ensue. 
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5*7  ABILITY  OF  TEE  LCE  SYSTEM  TO  PERFORM  EXPERIMENTS 

As  stated  in  GSFC  Specification,  ”10. 6-Micron  Laser  Communications 
System  Experiment  for  ATS-F,"  GSFC-S-524-P-46,  dated  January,  1969* 

The  fundamental  objective  of  the  Laser  Communications 
Experiment  is  to  ascertain  the  practicality  of  wideband 
communications  between  a spacecraft  and  a ground  station 
and  between  two  orbiting  spacecraft  using  the  10.6  micron 
radiation  from  a carbon  dioxide  laser;  and  to  establish  the 
: resulting  efficiency  that  can  be  effected  in  terms  of  com- 
munication bandwidth  per  pound  on  the  spacecraft.  To  this 
end,  a number  of  related  experiments,  tests,  and  measure- 
ments will  be  performed. 

A number  of  experiments,  tests,  and  measurements  are  then  listed, 
in  addition  to  a presentation  of  overall  system  requirements.  These  are 
described  in  Section  3*0.  The  following  sections  deal  directly  with  the  listed 
items  and  describe  the  manner  in  which  the  LCE  system  design,  presented  in  the 
preceding  sections,  satisfies  these  items. 

It  should  be  noted  that  these  are  not  the  only  measurements  that  are 
expected  to  be  taken  during  the  course  of  the  experiment.  Further  discussions 
will  be  presented  in  Volume  II  of  the  Design  Study  Report. 

5*7*1  S/N  Ratio  as  a Function  of  Atmospheric  Parameters 

It  is  expected  that  the  atmosphere  will  affect  both  the  intensity 
of  the  received  signal  and  its  angle  of  arrival. 

The  intensity  variation  (for  a given  zenith  angle)  will  consist  of 

J 

slow  fades  and  higher -frequency  fluctuations.  MSA  data  show  that  over  a 15-km 

^ . 

path  the  intensity  varied  a factor  of  50  over  a 24-hour  period.  The  higher- 
frequency  fluctuations  appear  to  extend  up  to  1-kHz  frequency. 

The  slow  fades  will  be  measured  by  the  automatic  gain  control  (AGC) 
in  the  optical  heterodyne  receiver.  The  telemetry  output  of  the  AGC  is 

_ — 
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designed  to -vary  between  0 and  5 volts,  corresponding  to  a carrier  dynamic 
range  of  -72  dbm  to  -36  dbm,  and  has  a frequency  response  from  dc  to  10  Hz  at 
the,  3~db  point.  1 

Kae  high-frequency  intensity  measurement  requires  heterodyne  AM 
receiver.  Such  a receiver  is  not  presently  included  in  the  LCE,  but  Aerojet 
has  submitted  a proposal  to  NASA  for  incorporating  one.  Table  5-7-1  gives  the 
technical  highlights  of  the  proposed  AM  receiver. 

There  are  very  little  data  available  to  determine  expected  fluctua- 
tions in  the  angle  of  arrival.  Measurements  performed  at  Marshall  Space  Flight 
Center  using  a He-Ne  laser  over  a range  of  3200  meters  produced  an  rms  deviation 
in  angle  of  arrival  of  1.3  sec  for  a ^-ln.  receiver  aperture.*  Spectral 
analysis  of  the  received  fluctuations  showed  that  power  density  fell  to  10$  of 
the  dc  spectral  power  density  at  10  Hz,  and  to  1$  at  100  Hz. 

Hie  position  voltages  of  the  image  motion  compensators  of  the  track- 
ing subsystem  will  be  telemetered  to  earth.  The  tracking  subsystem  has  a loop 
bandwidth  of  5 Hz,  and  the  response  time  is  0. 11  sec  (time  to  reach  80$  of  a 
step  input).  Therefore,  slow  variation  of  angle  of  arrival,  together  with  the 
angular  rotation  of  the  spacecraft  axes,  will  be  measured.  These  data  will 
have  to  be  analyzed  in  order  to  separate  spacecraft  rotation  from  the  angle-of- 
arrival  data. 

The  ground -station  transceiver  systems  will  also  produce  data  on 
the  intensity  fluctuation  and  the  angle  or  arrival.  Performance  characteristics 
are  identical  to  the  spaceborne  transceiver.  The  ambient  motion  of  the  earth 
as  a result'  of  the  background  seismic  activity  in  the  frequency  range  up  to 
5 Hz  is  expected  to  be  1 to  2 Qc  rms.  The  high-frequency  cultural  noise  will 
be  decoupled  in  the  ground  station  by  proper  foundation  design. 

To  complete  this  experimental  objective,  data  on  atmospheric  condi- 
tions will  be  required.  As  part  of  the  ground  station,  the  equipment  shown 
on  Table  5.7-2  will  be  provided  to  give  in  situ  atmospheric  data.  Further, 
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it  is  Aerojet’s  understanding  that  NASA  will  have  an  additional  ground  station 
(not  part  of  the  LCE  contract  to  Aerojet)  which  will  have  AM  receiving 
capability. 

5-7*2  S/N  as  a Function  of  Receiver  Aperture 

The  LCE  transceiver  has  a fixed-diameter  (j ) aperture.  There- 
fore, measurement  of  S/N  as  a function  of  receiver  aperture  diameter  cannot  be 
performed  by  the  LCE  transceiver.  This  is  recognized  by  the  statement  in  the 
specification  that  this  requirement  is  not  applicable  to  the  LCE  transceiver.  - 

5*7*3  S/n  Ratio  as  a Function  of  Zenith  Angle 

The  expected  cloudless  atmospheric  transmission  as  a function  of 
zenith  angle  is  shown  on  Figure  5.7-1*  From  the  figure  it  is  seen  that  the 
variation  is  3*25  db  between  zenith  angles  from  0°  to  80°.  The  range  of  the 
AGC  optical  heterodyne  receiver  is  1 6 db,  corresponding  to  carrier  power  input 
levels  in  the  range  from  -72  to  -56  dbm.  Therefore,  the  automatic  gain 
control  will  cover  satisfactorily  the  expected  variation  of  the  s/N  ratio  as  a 
function  of  the  zenith  angle.  The  corresponding  AGC  telemetry  output  level  is 
0 to  5 volts,  with  a tolerance  of  +0*3  db.  Of  course,  it  is  recognized  that 
the  satellite  or  the  ground  station  must  be  moved  in  order  to  vary  the  zenith 
angle . 


5*7*4  Space  Background  Noise  (Sun,  Stars,  etc.) 

As  derived  in  Appendix  B,  the  non-coherent  background  energy 
received  by  the  optical  heterodyne  receiver  system  (OERS)  is  given  by 


Ed^B 
CTb  = ~ 


(5*7-1) 


where 

cr^  = non-coherent  energy  received,  watts 

p 

E = spectral  radiance  emittance,  watts/m  of  the  background 
d = radiation  wavelength,  meters  (1.06  x 10 meters) 

o 

c = spee^.  of  light  (3  x 10°  m/sec) 

B = bandwidth  of  the  receiver  (12.0  MHz ) 
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The  ratio  of*  the  received  background  power  (rms ) to  the  receiver 
noise  (rms)  is  given  by 

B(HEP)  (5*7-2) 

where 

HEP  is  the  received  noise  equivalent  power  in 
watts/Hz  (nominally  10"v  watts/Hz) 

5* 7-4*1  Direct  Solar  Energy 

With  a system  optical  bandpass  of  1 micron  and  the  assumption  that 
the  sun  is  a 6000°K  blackbody,  q-  computes  to  be  2*6  x 10-1^  watts.  Therefore, 
the  solar  background  to  receiver  noise  ratio  (henceforth  called  carrier -to- 
noise)  is  -6.6  db.  • Further,  the  carrier-to -noise  ratio  when  communicating  will 
be  reduced  by  0*9  db  under  worst  conditions  when  the  system  is  looking  alter- 
nately at  the  sun  and  dark  space. 

5*7*4. 2 Self -Emitted  Energy  From  Earth 

Self -emitted  energy  from  earth  received  by  the  mixer  can  be 
calculated  by  Equation  (5«7*-l)*  The  radiant  emittance,  E^,  is  30*2  watts  * m ^ 
* micron  (as  calculated  in  Appendix  B)  for  T = 300°K  and  \ =10.6  microns. 

For  a system  with  an  optical  bandpass  of  1 micron,  the  radiant  emittance  E is 

-2 

30. 2 watt  * m . Substitution  of  the  appropriate  numerical  values  into 
Equation  (5»7“l)  gives  as  7*2  x 10  watts.  This  is  3 to  4 orders  of 
magnitude  lower  than  the  receiver  noise.  Therefore,  the  carrier-to-noise  ratio 
of  the  communication  signal  will  remain  essentially  unchanged  when  the  system 
is  operating  with  the  earth  as  background. 

5*7*4. 3 Self -Emitted  Energy  From  The  Moon 

Self -emitted  energy  from  the  moon  received  by  the  mixer  can  be 
calculated  by  the  method  used  to  calculate  energy  received  from  earth.  For 
T = 250°K  and  \ = 10.6  microns,  ^ is  2.9  x 10'1d  watts.  Again,  this  is  3 to 
4 orders  of  magnitude  lower  than  the  receiver  noise,  and  the  carrier-to-noise 
ratio  of  the  communication  signal  will  be  essentially  unchanged  when  the 
system  is  operating  in  the  presence  of  the  moon. 
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5.7.4. 4 Energy  From  The  Star 

Under  the  Harvard  system  of  star  classification,  the  principal  types 
of  star  spectra  are  designated  by  the  letters  B,  A,  F,  G,  K and  M.  Stars 
intermediate  to  these  designations  are  designated  by  suffixed  numbers  from  0 to 
9*  The  spectral  classifications  and  star  surface  temperatures  are  listed  in 

°b 

Table  5.7-3.  The  parameter  for  each  star  classification  can  be  calcu- 

lated by  the  use  of  Equation  (5.7-2},  with 

1 

°b  Ed5 

B(MEP)  2cIhEp7  (5.7-3J 

From  the  Planck  radiation  equation 

Ex=  C1  ^ 

i 

where 

p 

= spectral  radiant  emittance,  watt  - m - micron 
C1  = 3*74  x 10®  watt  * micron^  • m“2 
C2  - 1.44  x 10^  micron  °K 
X = radiation  wavelength,  microns 
T = source  temperature , °K 


exp  ^ - 1 


(5*7-4) 


For  a system  with  an  optical  bandwidth  of  1 micron,  Equation 
(5.7-4)  becomes 

e - q x‘5 

Substitution  of  Equation  (5-7-5)  into  Equation  (5.7-3)  gives 


exp  ^ - 1 


J 


watt  • m 


-2 


(5.7-5) 


°b 

B(NEP)  ~ 


C1 


2C  X5  (NEP) 


(5.7-6) 
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Equations  (5*7 ”6)  and  (5*7-1)  "were  used  to  evaluate  the  numerical  values  of  ' 
ab 

b(nep)  ancl  °b  lor  each  star  classification.  The  results  are  tabulated  in 
Table  5*7-3*  In  the  calculation,  it  is  assumed  that  the  angular  diameter  of 
the  stars  is  such  that  it  covers  the  receiver’s  fi eld ^of -view.  For  stars  that 
have  smaller  diameters,  the  energy  received  is  reduced  accordingly. 

5-7*5  Laser  Output  Power  as  a Function  of  Total  Elapsed  Time  and 

Operating  Time  in  Space  Environment 

J 

The  output  power  of  each  laser  will  be  measured  using  the  thermistor 
infrared  detectors.  At  the  output  of  each  laser  is  a beam  splitter  mirror  which 
samples  1$  of  the  laser  output  power  for  purposes  of  frequency  tuning  and  power 
measurement  of  the  lasers.  The  sampled  beam  illuminates  a diffraction  grating 
which  is  blazed  to  enhance  the  second-order  reflection.  This  reflection  is 
imaged  on  a thermistor  so  located  that  the  focused  energy  falls  on  the  thermistor 
when  the  frequency  of  the  laser  output  is  at  the  correct  operating  P-line.  The 
voltage  signal  output  from  the  thermistor  will  be  amplified  by  a dc  amplifier 
to  a nominal  voltage  of  2.5  Vdc  for  each  laser  power  output  at  the  beginning 

of  the  experiment,  which  will  be  telemetered  to  earth.  The  output  sensitivities 
for  the  three  lasers  are 

Transmitter  3.3  mV/mW 

Backup  , 3.8  mV/mW 

Local  oscillator  31.2  mV/mW 

As  the  laser  outputs  will  decrease  with  total  elapsed  time  and  with  operating 
time  in  the  space  environment,  the  dc  output  voltages  will  decrease  propor- 
tionately. The  total  elapsed  time  and  the  operating  time  in  a space  environ- 
ment will  be  known  by  lagging  the  individual  laser  turn-on  and  turn-off  command 
times. 

5-T-6  Temperature  and  Noise  Figure  Of  The  Mixer/Radiation  Cooler 

as  a Function  of  Satellite  Orientation  and  Time  of  Year 

Measurement  of  the  noise  figure  of  the  receiver  requires  the  use  of 
a calibrated  noise  source.  The  only  such  source  is  the  sun.  By  pointing  the 
system  toward  and  away  from  the  sun  and  telemetering  the  noise  output  at  the 
video  detector  and  noting  the  difference,  the  noise  figure  can  be  determined. 
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The  carrier-to-noise  ratio  for  heterodyne  detection  of  blackbody 
radiation  is  derived  in  Appendix  B as 

ab  _ Ed5 
B(NEP)  ~ 2c'(NEP) 

where  the  parameters  are  defined  under  the  J.J.h.k  discussion 

With  the  sun'  assumed  to  he  a 6000°K  blackgody,  the  variation  of  the 
carrier-to-noise  ratio  as  a function  of  the  NEP  is  shown  in  Figure  5.7-2. 

An  alternative  method  of  measuring  the  noise  figure  of  the  receiver 
is  to  use  the  acquisition  subsystem  to  scan  the  receiver  beam  across  the  search 
angle  when  the  sun  is  in  the  field  of  view.  As  the  receiver  beam  scans  from 
the  dark  background  to  the  bright  solar  disk,  a signal  is  generated  and  the 
portion  of  the  energy  of  the  signal  falling  in  the  acquisition  bandwidth 
appears  at  the  output  of  the  acquisition  post-detection  filter.  The  amplitude 
of  tiiis  signal  is  determined  by  correlating  the  signal  amplitude  to  the  variable 
acquisition  threshold  levels . 

t 

The  temperature  of  the  mixer  will  be  monitored  by  mounting  a temper- 
ature sensor  adjacent  to  the  mixer  assembly  on  the  radiation  cooler.  Calibra- 
tion of  the  sensor  on  earth  will  permit  measurement  of  the  mixer  temperature  to 
+0.5°K.  The  dynamic  range  of  the  sensor  will  be  from  90  to  lkO°K. 

5«7*7  f Round-Trip  and  One-Way  Data  Compared  to  Reference  Microwave  Link 

The  laser  communications  link  is  designed  to  permit  operation  in 
the  following  modes : 

(a)  Laser-up  link/laser -down  link 

(b)  Laser-up  link/mi c r cwave - down  link  simultaneously  with 
microwave -up  link/ laser -down  link 

(c)  Laser-up  link/laser -down  link  and  microwave -down  link 

If  the  following  symbols  are  assigned  to  define  the  data: 

(a)  Laser-up  link  = Q(x) 

(b)  Laser-down  link  - Q (y) 
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(c)  Microwave-up  link  = q(z ) 

(d)  Microwave -down  link  - Q(w) 

the  following  simultaneous  equations  can  he  set  up: 

F [q(x)  + Q(y )]  = a 
F [Q(x)  + Q(z)]  - h 
F |Q(y)  + Q(w)]  = c 
F [q(z)  + Q(w)]  = d 

where  a,  b,  c,  and  d are  sets  of  measured  quantities.  The  solution  of  these 
equations  will  give  round-trip  and  one-way  data  on  the  laser  and  microwave 
links.  It  is  expected  that  the  following  parameters  will  be  measured: 

Digital-data  error  bit  rates 
Analog -data  s/n  ratio 
Distortion  products 

5*7*8  Laser  Frequency  Stability  in  Space  Environment 

The  transceiver  is  designed  to  permit  mixing  of  the  transmitter  and 
backup  laser  outputs  or  the  local  oscillator  and  backup  laser  outputs  at  the 
mixer.  These  modes  of  operation  are  controlled  by  command  to  the  spacecraft. 

In  the  transmitter  mixing  mode,  the  backup  laser  is  set  at  30  MHz  below  the 
transmitter  laser  output  P-line  peak.  In  the  case  of  the  local -oscillator 
mixing  mode,  the  back-up  laser  operates  at  the  peak  of  the  L0  P-line,  so  that 
the  frequency  separation  in  either  case  is  30  MHz. 

The  difference  frequency  is  detected  by  the  mixer  and  amplified  by 
the  OHRS  receiver. 

The  output  of  the  OHRS  discriminator  will  be  telemetered  to  earth. 

The  bandwidth  is  from  zero  to  10  kHz  at  the  3-db  point.  The  slope 
of  the  output  will  be  as  follows : 
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Over  frequency  range  29*5  to  30.5  MHz,  -5  to  +5  volts 

Over  frequency  range  29*5  to  27. 5.?  -5  to  -13  volts 

Over  frequency  range  30.5  to  32*5  MHz,  +5  to  +13  volts 

It  is  expected  that  the  laser  EM  instabilities  will  have  amplitudes  within 

+0.5  MHz,  primarily-. over  the  spectral  region  0.1  to  1000  Hz. 

Transmittal  of  these  data  to  earth  will  require  a wide -bandwidth 
telemetry  channel. 

5.7.9  Spacecraft  Attitude  Determination  From  laser  Data 

Two  sets  of  measurements  will  be  possible.  First,  the  position  of 
the  mirrors  of  the  image  motion  compensator  of  the  spacebome  transceiver  with 
respect  to  the  LCE  reference  axes  (the  positions  of  which  with  respect  to  space- 
craft reference  axes  will,  within,  a given  tolerance,  be  known)  will  be 
telemetered  to  earth.  This  will  give  the  relative  attitude  of  the  spacecraft 
with  respect  to  angle  of  arrival  of  the  laser  signal.  However,  if  the  space- 
craft is  rotating  around  the  direction  of  arrival  of  the  laser  signal,  the 
position  will  be  a function  of  the  cosine  angle  between  the  incoming  energy 
spatial  polarization  and  the  polarization  of  the  local  oscillator  beam;  this 
will  have  to  be  derived  from  communications -channel  data.  Since  the  polarities 
normally  will  be  aligned,  the  sensitivity  of  this  measurement  will  be  very  poor. 
Also,  these  data  will  include  the  variation  in  the  angle  of  arrival  of  the 
signal  due  to  atmospheric  disturbances.  Processing  of  the  data  will  be  required 
in  order  to  separate  spacecraft  attitude  variation  from  the  laser-signal  angle 
of  arrival  data. 

Absolute  measurement  of  the  spacecraft  attitude  will  be  possible 
from  knowledge  of  the  direction  of  the  ground-station-transmitted  laser  beam 
with  respect  to  the  ground  station  reference  axes.  By  accounting  for  bending 
of  the  beam  by  the  atmosphere , the  nominal  angle  of  arrival  at  the  spacecraft 
can  be  predicted.  With  this  information,  the  spacebome  transceiver  IMG  mirror 
position,  and  data  from  the  spacecraft  star  tracker,  the  spacecraft  absolute 
attitude  will  be  calculable. 


5-7-9 


5*7*10 


Report  No,  4033,  Vol.  I,  Part  1 


Modes  of  Operation 

The  LCE  transceiver  is  designed  to  operate  under  the  following  modes 

Atmospheric  propagation  experiment  mode 
Two-way  laser  communications  mode 
Down-link  laser  mode 
Data  relay  mode 

The  output  of  the  spacehome  transceiver  at  the  spacecraft  inter- 
face will  occupy  a has  eland  range  of  1.0  to  6.0  MHz. 

5. 7 »11  Baseband  Characteristics 

At  the  ground  transceiver/ground  station  interface , the  following 
baseband  signals  will  be  accommodated: 

In  the  range  from  30  Hz  to  4.6  MHz 
In  the  range  1.0  to  6.0  MHz 

At  the  spacehome  transeeiver/spaceeraft  interface,  the  baseband 
signal  in  the  range  1.0  to  6.0  MHz  will  be  accommodated. 


In  the  transmission  of  television,  the  following  signal/noise  and 
signal/distortion  ratios  have  been  calculated  (Appendix  A gives  details)  for 
various  error  sources : 

Signal-to-Noise  or 

Error  Source  Distortion 


* 


Random  noise 

32.7  db 

Transmission  deviations 

33.0  db 

Phase  effects 

36.0  db 

Amplitude  effect 

33*6  db 

Modulat or  /demodula t or  linearity 

36.O  db 

Vestigial  filters 

27.0  db 

Vestigial  phase  tracking 

error 

36.0  db 

Total 

3.7-10 

26.7  db 
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5.7.12  S/N  Ratio  and  fflux  Densities 

The  expected  predetection  carrier -to -noise  ratio  will  be  in  the 
range  from  24.6  to  25.5  3b  (Section  5*1*3  gives  a detailed  discussion)  at  the 
beginning  of  the  experiment,  and  will  drop  to  the  range  from  24.2  to  25.2  db 
(depending  on  laser  temperature)  at  the  end  of  2 years.  The  post -detection  peak 
signal -to -noise  ratio  will  be  32.7  db  if  the  carrier -to -noise  ratio  is  23  db. 
(see  Appendix;  A for  detailed  discussion).  The  flux  density  at  the  earth  at 

_3  2 

transmitter  optical  axis  location  will  be  10  watt/meter^  (see  section  3. 1.3 
for  detailed  discussion). 
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TABLE  $.7-1 


AM  VIDEO  CHANNEL  PERFORMANCE  SPECIFICATIONS 


1. 


2. 


5. 


Receiver  Video  Output 

(a ) Level  over  20  Hz  to  5 MHz 

(b)  Impedance  over  20  Hz  to  5 MHz 

Preamplifier 

(a ) Bandwidth 

( b ) Input  s a tura t i on 


1 volt  peak-to.-peak,  +0.5  db 
75  ohms,  unbalanced,  with  minimum  return 
loss  of  20  db 


50  +6  MHz,  consistent  with  video  distortion 
and  noise  requirements 
-U-0  dbm  or  greater 


Demodulation  Characteristics 


(a) 

Cb) 

(c) 

(a) 

(e) 


Demodulation  sense 


Instantaneous  bandwidth 


Increase  in  positive  potential  for  increase 
in  carrier  amplitude 

Consistent  with  video  distortion  and  noise 
requirements  specified  herein 


Center  frequency 

Output  sensitivity  (over  -72  dbm  to  -56  dbm 

50  MHz 

Constant  within  +0.5  db 

carrier  input  power  level  at  mixer  window 
at  50$  amplitude. modulation  and  20  Hz  to 
5.0  MHz  envelope  modulation  frequencies) 
Baseband  amplitude  - frequency  character- 

Reference 

Design 

Minimum 

istics 

Frequency 

Group 

Acceptabl 

25  kHz 

0 db 

0 db 

20  Hz  to  840  KHz 

+0.1  db 

+0.25  db 

840  KHz  to  5.0  MHz 

+0.2  db 

+0.4  db 

(f)  Group  delay  over  10  MHz  bandwidth 


(g)  Demodulation  amplitude 


+0.7  nanosec/MHz  slope 

0.5  nanosec/MHz2  parabolic 

6.0  nonosec  peak-to-peak  ripple 

A carrier  amplitude  modulated  50 $ shall 
produce  a 1 volt  +0.5  db  peak-to-peak 
output  signal 
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TABLE  5.7-1 


Video  Distortion  and- Noise 

(a)  Non-linearity  distortion  of  the  synchronizii 
signal 

(b)  Noise 

Periodic  noise  (ratio  of  P-P  picture  signal 
amplitude  to  the  P-P  noise  amplitude) 

(1)  Power  supply  hum  

(Including  the  fundamental  frequency 
and  low  harmonics ) 

(2)  Single  frequency  noise  between  1 KHz 

and  2 MHz  

(3)  Single-frequency  noise  between  2 and 
3 MHz 


(3  ) Automatic  Gain  Control 

(a)  Recovery  time  (for  instantaneous  carrier 
power  level  changes  up  to  41  db  with 
respect  to  carrier  to  noise  ratio  (c/n)  of 
-l8  db  to  -6  db) 

(b ) Teleme try  out put  ( c orre spending  to  input 
carrier  level  -72  dbm  to  -5 6 dbm) 


38  db 


62  db 
46  db 


Receiver  AGO  shall  set  the  output  power  to 
its  nominal  level  +1  db  within  0.2  seconds 
and  pass  amplitude  modulation 

Range  0 to  5 volts 

Bandwidth:  Zero  to  10  Hz  at  3 db  point 

Output  Impedance:  1 Rohm  or  less 


Report  No.  4033 j Vol.  I,  Part  1 


Table  5-7*2 


TABLE  5-7-2 

CIIARA  CTERISTICS  OP  WEATHER  DiSTRUMEKTATIOK 


Wind 

Velocity 


Wind 

La recti on 


Air  Temp. 


WlOl-cLc  Remote  Recording 
Skyvane 

Weather  Measure  Corp. 


Model  T622A 
Temperature 
Weather  Measure 
Corp. 


Range  1-200  0-560° 


Sensor  thermis- 
tor 


Sensitivity 

0.2$ 


1L’  at  vinds 
5-200  mph 


Range , 40  °F  to 
+140°F 


Accuracy  5 

+1  mph  below 
25  mph;  +5$ 
above  25  mph 


Sensitivity 

Ov2$ 

Accuracy 
1°F  of  range 

Response  time 
50  sec  for  60$ 
resp.  to  a = t 
of  5°P 


Relative  Humidity 

Barometric 

Pressure 

Aerosol  Content 
Analyzer 

Digital  Data 
Logger 

Serdex  Humidity 
Telemeter  Bacharaeh 
Instrument  Co. 

. B201  Barograph 
Weather  Measure 
Corp, 

Dust  Counter, 
Model  AP-P5 
Weather  Measure 
Corp, 

Model  M-731 
Weather  Measure 
Corp. 

Range,  0-100$  RH 

Sensor-14  cell- 
2 -in. -dia 
aneroid 

Particle  size 
0.5p,  to  lOp. 

Data  input 
analog 

Accuracy  rating, 
+-5$  RH  between  15$ 
and  90$  RH  at  52  F 
to  150  F 

Sensitivity 
+0.5  millj - 
radian 

Lynujui  c range 
0.05  mg/cm5  to 

60  fig/ cm^ 

Accuracy  +5$ 

No  of  channels , 
20 

Response  time,  10 
sec  to  signal  86$ 
of  RH  change  with 
sensor  exposed  to 
moving  air  (800  ft/ 
min  velocity) 

Accuracy 
+0.2$  range 

Operating 
range , sea 
level  to 
12 , 000  ft 

Response  time 
0.1  sec 

Resolution 

0.1$ 

Sampling  rate 
1 sec  per 
channel 

Accuracy,  0.1$ 
full  scale  +1 
count 

Lock  format 
ASCII  or  IBM  8 
level  code 
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table  5.7-5 

STAR  CARRIER-TO -NOISE  RATIOS 


: Spectral 
Classification 

Surface 

Temperature , T 
(°K) 

% 

B(WEP) 

^ (watts) 

B-0 

22 , 000 

0.8  64 

1.04  x 10“12 

A-0 

11,000 

0.421 

5.05  x 10“15 

P-0 

7,500 

O.278 

3.55  ^ 10 ~13 

G-0 

6,000 

0.218 

2.61  x 10"15 

K-0 

5,000 

0.178 

2.14  x 10~15 

M-0 

3,500 

0.117 

. 1.40  x 10"15 

* 


Table  5.7-3 


5 10 


15  20  25  30  35  40  45  50  55  60  65  70  75  80 

ZENITH  ANGLE  ( 0 ) , DEGREES 

ATMOSPHERE  LOSS  VS  ZENITH  ANGLE 


Figure  5. 7-1 


6.0  EXPECTED  LIFETIME 
OF  THE  EXPERIMENT 
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6.0  EXPECTED  LIFETIME  OF  IKS  EXPERIMENT 

6 . 1 SUMMARY 

A reliability  prediction  model  is  presented  for  the  LCE  spacecraft 
transceiver,  along  with  a reliability  allocation.  Reliability  block  diagrams, 
reliability  prediction  values,  and  reliability  allocation  values  are  presented 
for  this  initial  prediction/allocation  effort  on  the  LCE  proposed  design.  As 
the  design  develops,  the  reliability  model,  predictions,  and  allocations  will 
be  revised  to  reflect  the  effects  of  additional  details  and  any  changes . In 
addition,  data  from  reliability  engineering  analyses  and  various  tests  will  be 
used  to  improve  reliability  estimation. 

The  reliability  information  presented  below  is  intended  to  provide 
a guide  to  reliability  problem  areas  and  to  fruitful  design  tradeoff  study 
areas,  and  to  provide  bases  for  reliability  assessment  during  the  evaluation 
phase.  These  data  also  furnish  a background  for  the  accomplishment  of  redun- 
dancy studies,  and  will  facilitate  test  program  planning  and  failure  mode, 
effect,  and  criticality  analyses. 

The  initial  predicted  LCE  spacecraft -transceiver  system  reliability 
is  90.851$,  as  compared  to  the  90.00$  required  by  contract.  The  bases  for  this 
predicted  reliability  are  presented  and  discussed  below. 

6.2  RELIABILITY  REQUIREMENTS 

The  LCE  flight  system  (space craft -transceiver)  requirement  is  90$ 
probability  of  an  operational  lifetime  of  2 years  on  the  ATS-F  spacecraft, 
based  upon  an  active  operational  time  of  2000  hours,  equally  distributed  be- 
tween the  2 years.  This  requirement  is  contained  in  paragraph  4-1  of  GSFC 
Specification  GSFC-S-524-F-4C,  dated  January  1969* 

6.3  RELIABILITY  PREDICTIONS  AND  ALLOCATIONS 

The  predicted  reliability  for  the  LCE  flight  system  at  this  pre- 
liminary-design stage  is  90.851$  probability  of  an  operational  lifetime  of  2 
years,  with  an  active  operational  time  of  2000  hours,  equally  distributed  be- 
tween the  2 years.  This  predicted  reliability  of  90.851$  at  this  stage  of 
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space craft -transceiver  design  exceeds  the  requirement  of  90$  'by  a comfortable 
margin,  a favorable  indication  that  the  final  detailed  design  will  satisfy 
this  requirement.  Figure  6-1  shows  the  spacecraft  transceiver  reliability 
block  diagram,  prediction,  and  allocation  for  the  system/subsystem  level. 

6.3*1  Criteria  for  Success 

In  this  initial  reliability  prediction  and  allocation,  the  assump- 
tion is  made  that,  for  mission  success,  all  parts  in  all  subsystems  must  oper- 
ate full  time  when  the  LCE  spacecraft  transceiver  is  turned  on.  The  only  ex- 
ception is  that  the  back-up  laser  subsystem  is  on  standby  as  a replacement  for 
the  transmitted  laser  or  for  the  local  oscillator  laser  subassembly,  should 
either  one  fail.  The  assumption  that  all  parts,  must  operate  full  time  is  con- 
sidered very  severe  and  pessimistic  with  regard  to  predicted  reliability.  It 
has  become  apparent  that  there  are  a number  of  component  and  subassemblies 
which  will  not  have  to  operate  full  time  when  the  LCE  system  is  turned  on,  de- 
pending on  the  experiment  mode.  Aerojet  plans  to  apportion  the  2000-hour  LCE 
operating  time  among  the  various  experiment  modes  as  follows: 

Percent  of 

Mode Operating  Time 

Atmospheric  propagation  experiment  50 

2-Way  laser  communication  25 

Down-link  laser  15  ■ , 

Data  relay  10 

This  preliminary  apportionment  was  selected  after  discussion  with  NASA  person- 
nel. The  initial  reliability  analysis  herein  is  based  on  operation  in  the  pre- 
dominant atmospheric -propagation-experiment  mode.  This  tends  to  be  optimistic, 
since  the  modulator  will  not  be  in  use  for  the  required  CW  laser  function. 
Predictions  and  allocations  for  the  other  modes  are  planned  for  the  future, 
along  with  further  consideration  of  (l)  the  related  component  and  piece -part 
duty  cycles,  and  of  (2)  criteria  definition  and  predictions  for  overall  LCE 
mission  success. 


6-2 


Report  No.  k033,Vol.  I,  Part  1 


6.3*2  Definitions  of  Prediction  and  Allocation 

The  present  reliability  prediction  provides  an  estimate  of  the  re- 
liability inherent  in  the  current  LCE  preliminary  design  in  order  to  establish 
the  reliability  feasibility. 

The  present  reliability  allocation  is  basically  a reliability  bud- 
get based  upon  the  target  reliability  of  9 0#  for  the  LCE  flight-system  mission 
The  reliability  allocation  provides  a reliability  goal  or  objective  for  each 
assembly  and  subassembly. 

Both  the  reliability  prediction  and  the  reliability  allocation  for 
the  spacecraft  transceiver  are  based  upon  the  following  factors: 

a.  The  use  of  generic  (or  application)  failure  rates 
for  components 

b.  Application  of  failure -rate  multipliers  (K  factors) 
which  reflect  environmental  conditions  during  the 
mission 

c.  Operating  times  for  the  system  missions 

d.  Standby  or  nonoperating  failure  rates 

e.  Judgments  of  project  designers  and  engineers 

f.  Reliability  information  from  similar  components  or 
assemblies  used  in  comparable  environments. 

The  effect  of  duty  cycles  on  assemblies  and  components  will,  be  de- 
termined at  the  next  stage  of  development and  the  reliability  allocation  will 
ultimately  be  refined  to  include  the  following  considerations: 

a.  The  criticality  of  each  item  and  its  function  to 
the  system  and  mission 

b.  The  capability  for  achieving  improvement  in  item 
failure  rates 

c.  The  capability  for  maintenance  and  repair  of  non- 
flight LCE  items . 

6.3*3  Reliability  Block  Diagram 

The  reliability  block  diagrams  (Figures  6-1  through  6-6)  are  pat- 
terned after  the  LCE  spacecraft  transceiver  block  diagram  of  Figure  5. 1.1-1. 
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The  diagram  contains  each  of  the  subsystems  shown  there.  The  functional  nature 
of  the  LCE  transceiver  is  such  that  an  exponential  distribution  of  failure 
times  is  assumed,  and  the  following  series  reliability  mathematical  model  is 
applicable  at  the  system/subsystem  level: 


^CE  = RA  X R0  X RL  X h?  X Rr  X ^ X RP 


R 


LCE 


R 


A 


RL 

rr 


R-n 


= Reliability  of  LCE  transceiver 

= Reliability  of  Acquisition  and  tracking  subsystem 
- Reliability  of  Optical  subsystem 
= Reliability  of  Laser  subsystem 
= Reliability  of  Receiver  subsystem 
= Reliability  of  Video  switching  subsystem 
= Reliability  of  Telemetry  and  command  subsystem 
= Reliability  of  Power  supply  subsystem 


Figures  6-1  through  6-6  show  the  reliability  block  diagrams, 
mathematical  models,  predictions  and  allocations  for  the  LCE  spacecraft  trans- 
ceiver, acquisition  and  tracking  subsystem,  optical  subsystem,  laser  subsystem, 
receiver  subsystem  and  power  supply  subsystem.  The  degree  of  definition  of 
the  component  parts  in  the  remaining  subsystems  precludes  preparation  of  de- 
tailed block  diagrams /predict ions /allocations  at  this  design  stage. 


Moderately  detailed  lists  of  electronic  parts  were  available  onltf 
for  the  Acquisition  and  Tracking  Subsystem  and  for  the  High-Voltage  Power  Sup- 
ply. For  the  Receiver  Subsystem,  AIL  provided  predicted  and  allocated  failure 
rates  for  2 4 subassemblies  of  the  receiver  in  their  Design  Study  Report.  For 
the  laser  subsystem,  Sylvania  has  provided  a reliability  prediction.  The  data 
from  both  subcontractors  are  incorporated  into  this  document. 


6.5.4  Comparison  of  Predicted  versus  Allocated  Reliabilities 


The  allocated  reliability  for  subsystems  reflects  the  reliability 
budget  for  lower-level,  assemblies,  which  provides  a 90$  reliability  for  the 
LCE  spacecraft  transceiver.  The  comparison  of  predicted  versus  allocated  re- 
liabilities (Figure  6-l)  is  summarized  in  the  following  table: 
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Reliability 


Allocated 

Predicted 

Acquisition  and  tracking 

95.843$ 

96.631$ 

Optical 

99.738$ 

99.698$ 

Laser 

98.000$ 

98.001$ 

Receiver 

98.000$ 

98 .461$ 

Video  switching 

99.930$ 

99*920$ 

Telemetry  and  command 

99-077$ 

98.935$ 

Power  supply 

99-0X4$ 

98.861$ 

Total  spacecraft  transceiver 

90.000$ 

90.851$ 

It  is  seen  that  predicted  reliability  is  better, by  0.851$  than  the  allocated 
reliability  for  the  LCE  spacecraft  transceiver. 

6.3*5  Potential  Changes  in  Reliability  Values 

The  minor  divergences  of  predicted  versus  allocated  reliability  for 
the  optical,  video -switching,  telemetry  and  command,  and  power- supply  subsystems 
can  readily  be  rectified  as  the  design  matures.  It  is  expected  that  minor  cir- 
cuit simplification  and  the  reduction  of  parts  quantities,  along  with  additional 
part  application  derating,  will  collectively  reduce  predicted  failure  rates. 

A redesign  effort  is  under  way  to  improve  reliability  of  the  high- 
voltage  power  supply..  The  new  design  will  use  simplified  circuits  with  signifi- 
cantly fewer  parts.  A specific  example  is  that  ten  current -regulating  transis- 
tors on  the  high-voltage  side  are  being  reduced  to  one  cur rent -regulating,  tran- 
sistor on  the  ground -vo It age  side.  A different  form  of  redundancy  is  also  be- 
ing considered  which,  together  with  further  derating,  will  also  increase  relia- 
bility. 

The  laser  tube  will  undergo  a life  test  and  development  program  de- 
signed to  determine  and  eliminate  potential  failure  modes,  to  determine  the 
best  tube  design,  and  to  demonstrate  acceptable  life  characteristics ■ In  addi- 
tion, a proposal  for  an  extended  laser-tube  life-test  program  (see  Section  5.3.I) 
has  been  submitted  to  NASA  which  will  significantly  add  to  these  functions  and 
will  definitively  determine  the  tube  reliability  and  life  characteristics.  It 
is  expected  that  this  overall  program  will  improve  the  tube  and  its  design  on 
a continual  basis  and  that  the  allocated  reliability  requirement  will  be  met. 
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The  laser  subsystem  was  predicted  by  Sylvania  to  have  a reliabil- 
ity of  .98OOI,  through  use  of  generic  electronic  parts  failure  rates  and  by  al- 
location to  the  laser  tubes  of  the  balance  of  the  failure  rate  necessary  to 
provide  98$)  reliability  for  the  laser  subsystem.  The  Sylvania  calculation  was 
based  upon  a 2000-hour  mission  time  and  an  environmental  K factor  of  1.0.  The 
mission  is  actually  composed  of  three  intervals  under  varying  environments,  as 
shown  in  paragraphs  6.3.8  and  6.3.9.  Sylvania  allocated  the  laser-tube  failure 
rate  at  28,500  failures  per  10^  hours.  The  tube  rate  had  to  be  proportionately 
decreased  to  an  equivalent  of  15,975  failures  per  10^  hours  for  the  full  2-year 
mission  (including  standby  time)  and  for  differing  mission  environments.  It  is 
confidently  expected  that  this  failure  rate  can  be  achieved  and  exceeded  with 
present  technology.  Obtaining  a laser-tube  life  of  more  than  2000  hours  is 
thought  to  be  the  greater  problem.  The  current  tube  evaluation  and  life -test 
program  is  expected  to  result  in  a low  laser -tube  failure  rate  and  a tube  life 
much  longer  than  the  2000-hour  operating  life  requirement. 

As  the  LCE  receiver  matures  to  its  final  configuration,  there  is 
high  confidence  that  its  predicted  reliability  will  exceed  its  allotment  by  a 
significant  margin.  Although  no  reliability  deficiencies  are  foreseen,  the  Hd- 
Cd-Te  detector  element  and  its  housing  will  receive  intensive  investigation 
and  will  be  qualified  as  a unit  before  incorporation  into  the  receiver  subsys- 
tem. , 

6.3*6  Example  of  Subsystem  Prediction/Allocation  Data 

The  reliability  prediction  for  the  acquisition  and  tracking  sub- 
system (Figure  6-2)  is  based  upon  a detailed  parts  list  for  which  failure-rate 
data  were  obtainable.  The  cumulative  failure  rates  by  subsystem,  the  predicted 
and  allocated  reliabilities,  and  the  allocated  failure  rates  are  as  follows: 
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Predicted 

Allocated 

Failure  Rate 

Predicted 

Failure  Rate 

Allocated 

Subassemblies 

per  10 ^ Hours 

Reliability 

per  lO^  Hours 

Reliability 

Coarse  mirror  and  drive 
(mechanical-optical) 

2411. 

99.144$ 

2988. 

98.940 $ 

Feedback  encoders/mirror 
drive  (electronics) 

4o80. 

98.554 $ 

5054. 

98.213 $ 

Search-pattern  generator 
and  acquisition  control 

1516. 

99.460$ 

1879. 

99052$ 

IMC  driver 

304. 

99*892 $ 

378. 

99.865$ 

Nut at or  driver 

1032. 

99.632$ 

1279. 

99.545 $ 

Nutation  signal  'generator 

259. 

99.908 $ 

322. 

99.885$ 

Acquisition  and  tracking 
subsystem 

9606. 

96.631$ 

11900. 

95.843$ 

The  reliability  of  a given  assembly  is  calculated,  conventionally,  as 

D -XKt 
R = e 

where 

\ is  the  failure  rate  of  the  given  assembly 
K represents  the  environmental  multipliers 
t represents  the  mission  times. 

The  values  for  K and  t are  presented  in  paragraph  6.3.8. 

6.3.7  Failure  Rates  and  Parts  Lists 

The  failure  rates  used  in  the  LCE  spacecraft  transceiver  prediction, 
when  a detailed  parts  list  was  available,  were  taken  whenever  possible  from  the 
document  "ATS  'Hi-Rel1  Parts  List  Failure  Rates,”  January  12,  1970.  Other  fail- 
ure rates  used  were  for  established  reliability  (ER)  and  JAN  TX  parts  which 
comply  with  NASA  approved  parts,  per 

GSFC  Preferred  Parts  List  Number  PPL-10,  or 

> 

GSFC  Spacecraft  Approved  Parts  List,  Number  S 2-0104. 
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Other  failure  rates  were  obtained  (l)  from  breadboard  test  results 
of  the  LCE  image  motion  compensator , (2)  from  life  test  results  on  motors 
identical  to  the  LCE  flip  mirror  motors,  and  (3)  from  FARADA  (the  Failure  Rate 
Data  Program  handbook,  SP  63-^TO)  on  -the  stepper  motor  and  on  the  gear  drive 
for  the  coarse  pointing  mirror.  The  standby  failure  rate  of  the  back-up  laser 
is  assumed  to  be  10$>  of  the  operating  failure  rate. 

Syl vania  laser  subsystem  failure  rates  are  based  upon  a 42°C  oper- 
ating temperature;  rates  for  the  remaining  subsystems  are  based  on  a 50°C  oper 
ating  temperature.  The  latter  is  a conservative  estimate  associated  with  a 
25°C  nominal  spacecraft  heat -sink  temperature  and  a 5°C  total  computed  rise 
through  the  mounting  to  the  transceiver  modules  and  from  the  modules  to  the 
components. 

6.3.8  Environmental  Multiplier  and  Mission  Time 

The  environmental  K factors  and  time  intervals  used  in  calculating 
the  reliabilities  are  as  follows: 


6.3.9 


Phase 


Boost 

Orbit  operate 
Orbit  standby 


Environmental 
K Factor 


80 

1 

0.1 

Total 


Time  Interval 

l/5  hour 
2,000  hours 
15,520  hours 


2 years 


Derived  Reliability  Equation  for  Flight  Mission 


R 


where 


-XKt 

e 


is  the  conventional  expression  for  the  exponential  re- 
liability function,  reference  MIL-STD-757 


X is  the  cumulated  failure  rate  for  the  LCE  flight  system 
K is  the  pertinent  environmental  factor 
t is  mission  time. 
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For  the  LCE  flight  mission: 


6.3.10 


R,  . . s = 

(mission) 

R,  . . > = 
(mission) 

^(mission) 

"^(mission) 
Sources  of 


^(boost)  X R(orbit  operate)  X R(orbit  standby) 
-X(80)(l/5)  ' -X(l)(2000)  -X(0.1)(15,520) 

0 JV  C A C 

-l6x  -2000X  -1552X 

e x e x e 

e-3568X  _ ^j_ss-j_on  Reliability  Equation 
Failure -Rate  Data 


Sources  of  Failure -Rate  Data 

Acquisition  and  tracking 
Optical 

Laser 

Receiver 
Video  switching 
Telemetry  and  command 
Power  supply 


Failure -Rate  Data  Sources 
ATS*,  FARALA 

ATS*,  IMC  Breadboard  Result,  W71 
Tests  of  Flip -Mirror  Motor 

ATS*,  Sylvania  Reliability  Pro- 
gram  Plan,  FARADA 

Airborne  Instrument  Laboratory 

ATS* 

_-x- 

ATS 

ATS*,  W71  FIVLL  Low-Voltage  Power 
Supply  Reliability  Prediction 


) 


*,fATS  fHi-RelT  Parts  List  Failure  Rates,"  January  12,  1970. 
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R. 


R 


RELIABILITY  MATHEMATICAL  MODEL: 

x RT  x Rp  = 90.851^  PREDICTED  MISSION  RELIABILITY 

r(p)=  predicted  reliability 
r(a)=  allocated  reliability 

Reliability  Diagram,  LCE  Spacecraft  Transceiver 

Figure  6-1 


R 


LCE 


= R.  x R_  x R x R_  x 
A O L R 
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RELIABILITY  MATHEMATICAL  MODEL: 

RA  * RA1  X RA2  X RA3  X RA4  X RA5  X RA6  = ^6.631^  PREDICTED  MISSION  RELIABILITY 

R(P)  = PREDICTED  RELIABILITY 
R(A)  = ALLOCATED  RELIABILITY 


Acquisition  and  Tracking  Subsystem 
Figure  6-2 


Reliability  Diagram } 
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RELIABILITY  MATHEMATICAL  MODEL: 

R =R  xR  xR  xR,  x R = 99.698$  PREDICTED  MISSION  RELIABILITY 

0 ol  o2  03  o4  05 

R(P)  = PREDICTED  RELIABILITY 
R(A)  = ALLOCATED  RELIABILITY 


Reliability  Diagram,  Optical  Subsystem 
Figure  6-J> 
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RELIABILITY  MATHEMATICAL  MODEL: 

(■ 

Rl  - R(AC)  + R(ACS;t)  R(AB;T-t)  + R(ACSjt)  R(CBjT-t)  = 98 . OOlf  PREDICTED  MISSION 

RELIABILITY 

R(p)  = PREDICTED  RELIABILITY 
R(A)  = ALLOCATED  RELIABILITY 

*TERMS  ARE  DEFINED  ON  SHEET  2. 


Reliability  Diagram,  Laser  Subsystem 
Figure  6-k,  Sheet  1 
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Definitions  of  symbols  on  Figure  6-4  for  reliability  mathematical  model  of 
laser  subsystem: 

R LASER  SUBSYSTEM  = R(AC)  + R(ACS;t)  R(AB;T-t)  + R(ACS;t)  R(CB;T-t) 


where 


R(AC)  is  probability  of  no  failure  of  the  transmitter  or  local 
oscillator. 

R(AC5jt)  is  probability  of  no  failures  of  the  three  lasers  to 
time  t,  with  the  backup  laser  in  standby  until 
’ time  t and  operable  at  time  t. 

R(AB;T-t)  is  probability  of  no  failure  of  the  transmitter  and 
backup  laser  from  time  t to  T.  The  local  oscil- 
lator failed  at  time  t. 

R(CBjT-t)  is  probability  of  no  failure  of  the  local  oscilla- 
tor and  the  backup  laser  from  time  t to  T.  The 
transmitter  failed  at  time  t. 


A is  transmitter  laser 
B is  backup  laser 
C is  local  oscillator  laser 
S is  backup  laser  in  standby 
T is  mission  time 


Figure  6-4,  Sheet  2 
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LOW  PASS  FILTER], 
DoC . AMPLIFIER 


R(P)  = 99.966/0 

R(A)  = 99-956/ 


RECEIVER 

SUBSYSTEM 
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Reliability  Mathematical  Model: 

“ V x V x V x Rr4  x RR5  x V x V x V x V X Vo  x Rrii  x V2  x 

R^  x x RR15  x R^g  = 98.461/  PREDICTED  MISSION  RELIABILITY 

R(p)  = Predicted  Reliability 
R(A)  = Allocated  Reliability 


Reliability  Diagram,  Receiver  Subsystem 
Figure  6-5 
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HIGH  VOLTAGE 
POWER  SUPPLY 
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RELIABILITY  MATHEMATICAL  MODEL: 

R._  = R x R = 98.861$  PREDICTED  MISSION  RELIABILITY 
P PI  P2 

R(p)  = PREDICTED  RELIABILITY 
R(A)  = ALLOCATED  RELIABILITY 


Reliability  Diagram , Power  Supply  Subsystem 


Figure  6-6 


7.0  TEST  PLAN 
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7.0  TEST  PLAN 

The  tests  that  will  be  performed  during  the  LCE  program  are  out- 
lined and  described  below.  This  section  includes  (a)  discussions  of  the  pur- 
pose of  the  testing  of  each  of  the  transceiver  models,  (b)  flow  charts  for  the 
tests  to  be  performed,  on  each  of  the  models,  including  the  tests  at  the  sub- 
contractor level,  (c)  descriptions  of  the  test  setups,  (d)  descriptions  of  the 
environmental  and.  functional  tests  called  out  on  the  flow  charts,  (e)  a summary 
table  that  indexes  the  tests  to  be  performed  and  the  models  on  which  they  will 
be  pex formed,  and  (f)  a summary  table  listing  the  functional  and  environmental 
tests  to  be  performed  on  each  model  and  the  assembly  level  or  levels  at  which 
they  will  be  performed.  In  addition.  Section  7.1  summarizes  critical  develop- 
ment/testing milestones  during  the  program. 

The  test  program,  which  includes  informal  engineering  functional 
and  environmental  tests  and  formal  qualification  and  acceptance  tests,  is  in- 
tended to  uncover  problem  areas  .and  to  prove  out  the  designs  at  the  earliest 
possible  date.  In  addition  to  those  described,  engineering  tests  will  be  per- 
formed on  items  for  which  unforeseen  potential  problems  may  arise  during  the 
program. 

A detailed  test  plan  and  test  procedures,  which  will  include  quali- 
fication .and  flight  acceptance  testing  at  Aerojet,  AIL,  and  Sylvania  and  test- 
ing  at  the  integration  contractor’s  plant  and  at  the  launch  site,  will  be  sub- 
mitted at  a future  date. 

7.1  TEST  FLOW  CHARTS 

The  primary  test  objectives  for  each  of  the  LCE  models  are  de- 
scribed briefly  below,  with  reference  to  detailed  flow  charts.  Charts  are  pro- 
vided for  the  breadboard,  functional  test  model  (FTM) , prototype,  and  flight 
units,  as  well  as  for  the  receiver  and  laser  subsystems.  Also  covered  are  de- 
velopmental tests  that  will  be  performed  to  prove  the  functional  performance 
and  environmental  integrity  of  various  critical  parts  of  the  LCE  transceiver. 
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7*1.1  Breadboard  Testing 

Breadboard  testing  will  be  undertaken  to  verify  the  validity  of 
design  concepts  and  to  determine  the  parameters  for  use  in  further  optimiza- 
tion of  system  design.  It  will  be  performed  under  ambient,  laboratory  condi- 
tions . 

Figure  7-1  presents  a flow  chart  for  tests  of  the  breadboard  trans- 
peiver  at  Aerojet.  The  blocks  there  give  paragraph  numbers  of  the  applicable 
test  descriptions  in  Section  7*  3- 

7.1.2  FTM  Testing 

i 

The  FTM  will  be  fabricated  as  close  to  the  flight -model  design  as 
is  possible  at  that  stage  of  development.  It  will  be  used  to  prove  the  per- 
formance capability,  environmental  integrity,  and  interface  compatibility  of 
the  LCE  transceiver  and  to  aid  in  early  identification  of  potential  problems 
that  may  prevent  the  prototype  from  passing  qualification  tests.  The  FTM 
testing,  including  tests  at  the  subsystem  and  assembly  level,  will  be  directed 
toward  satisfying  those  objectives.  In  particular,  qualification-level  en- 
vironmental testing  will  be  performed  at  any  level  of  hardware  assembly  that 
might  be  considered  to  be  sensitive  to  that  environment. 

, Figure  7-2  presents  a flow  chart  for  tests  to  be  performed  on  the 

FTM  transceiver  at  Aerojet.  The  blocks  identify  paragraph  numbers  of  the  ap- 
plicable test  descriptions  in  Section  7.5. 

7.1.3  Prototype  Testing 

The  prototype  model  will  be  identical  to  the  flight  model,  and  the 
prototype  testing  is  planned  to  qualify  the  flight  design  at  the  system  level. 
In  addition,  the  coarse  pointing,  mirror  and  gimbal  subassembly,  the  laser  sub- 
system, and  the  receiver  subsystem  will  be  qualified  at  their  respective  levels 
of  assembly.  Tests  will  also  be  performed  at  various  levels  of  hardware  assem- 
bly to  assure  the  performance  of  the  assembled  system.. 

Figure  7-3  presents  a flow  chart  for  tests  to  be  performed  on  the 
prototype  transceiver  at  Aerojet.  The  blocks  give  paragraph  numbers  of  the  ap- 
plicable test  descriptions  in  Section  7.3. 
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7.1.4  Flight-Model  Testing 

The  test  program  for  the  flight  model  is  planned  to  provide  flight 
acceptance  testing  at  the  system  level.  Tests  will  also  be  performed  at  vari- 
ous levels  of  hardware  assembly  to  assure  the  performance  of  the  assembled  sys- 
tem. 

Figure  7~4  presents  a flow  chart  for  tests  to  be  performed  on  the 
flight  transceiver  at  Aerojet.  The  blocks  identify  paragraph  numbers  of  the 
applicable  test  descriptions  in  Section  7*3* 

7*1 *5  -Laser-Subsystem  Testing 

Approaches  similar  to  those  reflected  above  will  apply  to  laser- 
subsystem  testing.  As  an  example,  a typical  test  sequence  to  be  performed  by 
Sylvania  at  various  hardware  levels  during  FTM  development  is  shown  in  Fig- 
ure 7-5,  which  covers  only  the  laser  transmitter  of  the  subsystem.  The  local 
oscillator  and  backup  laser  will  be  tested  identically,  with  the  exception  of 
the  modulator  assembly.  Figure  7-5  is  keyed  to  indicate  the  other  models  on 
which  a particular  test  will  be  performed. 

Functional  testing  of  the  various  subassemblies  will  include  only 
the  tests  required  to  provide  engineering  confidence  in  the  basic  design  and 
fabrication.  During  early  evaluation,  for  example,  the  functional  tests  of 
the  laser  tubes  will  be  limited  to  power  output  and  mode  measurements.  The 
same  measurements  will  be  made  during  thermal  vacuum  and  after  vibration.  Full 
functional  testing  (frequency ' stability,  beam  size,  collimation  modulator  line- 
arity, etc.)  will' not  be 'performed  until  after  all  the  subassemblies  are  inte- 
grated. Before  each  laser  subsystem  is  shipped  to  Aerojet,  full  acceptance 
testing  will  be  performed  at  the  subcontractor's  facility  in  accordance  with 
Specification  AGC  20187. 

7.1.6  _ Receiver -Subsystem  Testing 

Approaches  similar  to  those  reflected  above  will  also  apply  to  the 
receiver-subsystem  testing.  Figure  7 -6  illustrates  the  AIL  program  for  re- 
ceiver-subsystem tests  at  various  hardware  levels  during  FTM  development.  This 
scheme  will  be  used  for  all  receiver-subsystem  models,  and  Figure  7-6  is  keyed 
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keyed  to  indicate  the  models  on  -which  a particular  test  will  be  performed . The 
functional  testing  of  subsystems  is  planned  to  provide  engineering  confidence 
in  the  basic  design  and  fabrication.  Infrared  measurements  will  be  limited  to 
NEP.and  bias  power.  The  electronic  measurements  will  be  made  to  provide 
engineering  confidence  in  the  four  electronic  channels  (IE,  video,  acquisition, 
and  AFC  ).  Before  each  receiver  subsystem  is  shipped  to  Aerojet,  full  accept- 
ance testing  will  be  performed  at  the  subcontractor’s  facility  in  accordance 
with  Specification  AGC  20186. 

7-1*7  Development  Testing ■ 

Development  tests  of  many  of  the  functional  concepts  and  engineer- 
ing designs,  for  early  verification  of  transceiver  performance  and  integrity, 
are  of  particular  importance  to  the  LCE  program.  Many  will  be  performed  during 
the  fabrication  and  testing  of  the  various  transceiver  models,  but  additional 
important  tests  will  be  conducted  during  development  and  on  special  assembly 
models  such  as  the  structural  model  of  the  radiation  cooler. 

7 *1*8  Development  and/or  Testing  Milestones 

Table  7-1  lists  key  development  and/or  testing  milestones  and  the 
points  in  the  program  at  which  they  will  be  demonstrated.  As  the  table  shows, 
tests  are  performed  in  order  to  uncover  problem  areas  and  verify  the  designs 
and  performance  at  the  earliest  possible  dates. 

7-2  TEST  SETUPS 

Certain  test  setups  are  described  briefly  in  this  section  as 
background  for  the  test  descriptions  presented  in  Section  7.3. 

7-2.1  Test  Setup  Ho.  1 

Test  Setup  No.  1,  shown  in  Figure  7-7,  will  he  used  for 

a.  Alignment  of  transmitted  and  received  beams 

b.  JVfeasurement  of  received  and  far-field  transmitted-beam 
antenna  patterns 

c.  Dynamic  and  static  acquisition  and  tracking  tests 

d.  NEP  measurements. 

Pinholes  mounted  on  x-y  slides  will  be  placed  at  the  focal  point 
of  the  parabolic  mirror  on  either  side  of  the  beam-splitter  by  autocollimat ion. 
techniques.  A detector  behind  one  of  the  pinholes  will  measure  the  far-field 
intensity  distribution  of  the  beam  transmitted  from  the  transceiver. 
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A diverger  lens,  along  with  attenuators  and  a stable  laboratory 
laser,  will  be  placed  behind  the  second  pinhole  to  act  as  a Source  for  the 
receiver.  The  effective  f /number  of  the  di verger  lens  will  be  chosen  to  be 
much  smaller  than  the  effective  f/number  of  the  parabolic  mirror  in  order  to 
provide  a.  relatively  uniform  intensity  across  the  transceiver -tele sc ope 
aperture.  A received  beam  with  a Gaussian  intensity  distribution  across  the 
telescope  aperture  would  not  produce  the  correct  Airy  disc  pattern  at  the 
mixer.  The  deflection -plate  assembly  will  consist  of  a thick  parallel  plate 
of  germanium,  mounted  in  a girnbal.  It  will  be  used  to  deflect  the  beam  angles 
through  the  parabolic  mirror  approximately  + 50  arc  sec  for  dynamic  acquisition 
and  tracking. 

7-2.2  Test  Setups  Ho.  2 and  3 

Setups  No.  2 and  3>  shown  in  Figures  7-8  and  7-9  > will  be  used  for 
closed-loop  testing  of  the  communication  link  on  the  breadboard  model.  Closed- 
loop  testing  will  be  required,  because  a second  transceiver  will  not  be  avail- 
able at  the  time.  Both  the  transmitter  and  local  oscillator  lasers  will  have 
to  be  tuned  to  the  same  line. 

Setup  No.  2 will  use  an  aluminum  mirror  to  deflect  the  transmitted 
beam  into  an  absorber  in  order  to  reduce  backscattering  into  the  receiver  by 
the  other  components  of  the  setup.  Two  apertures  in  the  aluminum  mirror  will 
allow  contrarotating  beams  to  circulate  through  the  attenuators  and  quarter- 
wave  plate.  The  quarter-wave  plate  will  change  the  polarization  of  the 
transmitted  beam  from  linear  to  circular,  so  that  some  of  the  circulated  beam 
will  have  polarization  in  the  receiver  orientation. 

i 

Setup  No.  3 yill  be  similar  to  Setup  No.  2,  except  that  the 
aluminum  mirror  will  have  one  aperture.  A hollow  corner  cube  retroref lector 
will  be  used  to  reflect  the  beapi  back  through  the  aperture  to  the  receiver. 

The'  retroreflector  should  induce  enough  elliptical  polarization  into  the 
reflected  beam  for  detection  by  the  receiver. 

7.2.3  Test  Setup  No.  4 \ 

Setup  No.  4,  shown  in  Figure  7-10,  will  be  used  for  functional 
testing  of  the  modulator  and  the  transmitter,  local  oscillator,  and  backup 
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lasers  after  assembly  on  a Cervit  baseplate  at  Aerojet.  The  test  laser  will 
be  heterodyned  with  a stable  laboratory  laser.  The  IF  frequency  output  from 
the  detector  will  be  fed  into  either  a spectrum  analyzer,,  IF  amplifier,  and 
discriminator,  or  the  receiver  video -channel  electronics.  Various  signal 

t 

sources  and  measurement  electronics  will  be  added  to  the  setup  as  required  for 
the  individual  tests. 

7*2.4  Test  Setup  No.  3 

Setup  No.  5,  shown  in  Figure  7-11,  will  be  used  for 

a.  Acquisition  and  tracking  tests 

b.  Two-way  communication-link  functional  tests 

c . NEP  measurements . 

It  is  similar  to  Setup  No.  1 except  that  the  stable  laboratory 
laser  and  detector  assemblies  will  be  replaced  by  the  breadboard  transceiver. 
The  transceiver  telescope-  will  be  removed,  and  its  function  will  be  performed 
by  the  di verger  lens  and  parabolic  mirror..  This  approach  will  provide  a uni- 
form intensity  across  the  telescope  of  the  test  transceiver  for  the  reasons 
discussed  in  paragraph  7*2.1. 

7*3  TEST  DESCRIPTIONS 

The  environmental  and  functional  tests  to  be  performed  at  the  vari- 
ous levels  of  transceiver  assembly  are  described  briefly  below.  The  test  de- 
scriptions are  referred  to  in  the  accompanying  flow  diagrams  by  paragraph 
number . 

7*3*1  Miscellaneous ' Optical  Parts 

The  deflection  mirrors , . beam  splitters,  lenses,  power  meters, 
gratings,  narrow-band  filter,  and  optical  mounts  axe  not  considered  develop- 
ment items,  and  will  not  be  subjected  to  special  environmental  or  functional 
tests.  Receiving  or  manufacturing  inspection  will  be  performed  to  ensure  that 
these  parts  conform  to  their  specifications  or  drawings. 
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7*3*2  Flip-Mirror  Vibration  and  Functional  Testing 

The  flip-mirror  assembly  will  be  mounted  on  a vibration-test  fix- 
ture. The  mirror  alignment  at  the  mechanical  stops  will  be  set  and  measured 
relative  to  a fixed  reference  on  the  test  fixture.  The  flip-mirror  assembly, 
as  mounted  on  the  test  fixture,  will  then  be  subjected  to  a qualification- 
level  vibration  test  in  accordance  with  Specification  AGC  20 511,  with  the  mir- 
ror stowed  in  its  launch  position.  After  vibration,  mirror  alignment  at  the 
mechanical  stops  will  be  measured  relative  to  the  fixed  reference  on  the  test 
fixture.  This  measurement  will  be  compared  with  the  one  made  before  the  vibra 
tion  test. 

7.3»3  Duplexer  Distortion  and  Efficiency  Testing 

The  wavefront  distortion  in  the  beams  transmitted  and  reflected 
from  the  duplexer  will  be  measured  by  placing  the  duplexer  in  a Mach-Zehnder 
interferometer.  The  interferometer  will  be  illuminated  with  a CO'  laser  beam 
having  the  proper  polarization  orientation  for  the  transmitted  and  reflected 
modes  of  operation.  A small-aperture  detector  will  scan  the  output  beam  from 
the  interferometer  to  measure  its  intensity  distribution. 

Duplexer  transmittance  and  reflectance  will  be  determined  by  com- 
paring the  power  of  the  incident  beam  with  the  power  of  the  transmitted  and 

l 

reflected  beams  of  the  correct  polarization  orientation.  • 

7.3.^  IMC  and  Nutator  Engineering  Testing 

Engineering  tests  will  be  performed  to  evaluate  the  important 
operating  parameters  of  the  nutator.  They  will  include  measurements  of 

a.  Deflection  angles  of  each  aocis  at  the  mechanical  stops 

b.  Deflection  response  as  a function  of  driving  frequency 
■ c.  Deflection  linearity 

d.  Deflection  angle  as  a function  of  driving  voltage  (de- 
flection factor) 

e.  . Hysteresis  induced  by  the  bimorph  element. 
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7.3*5  IMC  and  Nutator  Vibration  Testing 

The  IMC  and  nutator  will  be  mounted  on  a vibration-test  fixture. 
Mirror  alignment  in  the  null  position  (zero  volts  input)  will  be  measured 
relative  to  a fixed  reference  on  the. test  fixture.  The  unit,  as  mounted  on 
the  test  fixture,  will  be  subjected  to  a qualification-level  vibration  test 
in  accordance  with  Specification  AGC  20511.  After  vibration,  mirror  align- 
ment in  the  null  position  will  be  measured  relative  to  the  fixed  reference  on 
the  test  fixture.  This  measurement  will  be  compared  with  the  one  made  before 
the  vibration  test . 

S \ 

7*5*6  IMC  and  Nutator  Temperature  Testing 

The  IMC  and  nutator  will  be  mounted  on  a temperature -test  fixture, 
and  the  null  alignment  and  deflection  factor  will  be  measured  at  -5  and  +4o°C. 

7*3*7  Telescope  Alignment  and  Aberration  Testing 

The  telescope  will  be  aligned  and  tested  for  aberrations  on  a 
laser  unequal -path  interferometer.  Because  the  telescope  has  all-reflective 
(achromatic)  optics,  the  tests  can  be  performed  with  a helium-neon  laser  source. 
The  breadboard  telescope  will  be  aligned  and  tested  by  the  vendor. 

7.3*8  Coarse -Pointing-Mirror -Assembly  Functional  Testing 

The  functional  tests  listed  below  will  be  performed  on  the  coarse 
pointing  mirror  and  gimbal  assembly.  A special  electronic  package  will  be 
used  to  supply  the  required  electrical  inputs  and  to  read  the  output  signals. 

a.  Deflection  Limits:  The  deflection  limits  of  the  coarse 

pointing  mirror  will  be  measured  in  east-west  and  north-south  directions. 

b.  Pointing  Rate:  The  command  pointing  rate  will  be  computed 

with  data  collected  from  the  shait-encoder  outputs,  as  the  assembly  responds 
to  pointing -command. inputs . 

c.  Angular  Positioning:  The  angular -positioning  accuracy  of 

the  coarse  pointing  mirror  will  be  measured  by  mounting  a special  mirror-test 
fixture  on  the  gimbal  and  using  auto collimat ion  techniques. 

7-8 


; 


T*3*9 


Report  No.  4033 , Vol.  I,  Part  1 
Receiver  Functional  Testing 

' The  functional  tests  summarized  below  will  be  conducted  on  the 
video  channel  of  the  receiver  to  check  its  performance  in  order  to  ascertain 
that  no  damage  was  sustained  during  shipping.  They  will  be  performed  with  an 
FM  test  modulator bypassing  the  optical  detector  in  the  receiver.  The  modu- 
lator will  be  special  test  equipment  capable  of  simulating  an  FM  signal  at 
the  IF  frequency  to  test  the  receiver  electronics. 

a.  Baseband  Amplitude,  Frequency  Characteristics : This  test 

will  be  conducted  to  check  the  overall  performance  of  the  video  channel.  A 
video -test  signal  covering  this  band  will  be  inserted  into  the  FM  test  modula- 
tor and  the  video  output  will  be  checked  on  the  waveform  monitor. 

b.  Periodic  Noise:  Periodic  noise  will  be  measured  by  termi- 

nating the  input  to  the  test  modulator  with  the  proper  load,  and  noting  the  re- 
ceiver output  displayed  on  the  waveform  monitor. 

7.3«10  Laser  Signature  Testing 

The  output  signature  of  the  transmitter  and  backup  lasers  will  be 
recorded  for  incremental  changes  in  the  cavity  length  around  the  nominal  cav- 
ity design  length.  To  determine  the  signature,  the  cavity ' length  will  be 
scanned  over  a half-wavelength  by  placing  a linear  ramp  voltage  on  the  piezo- 
eleetric-transducer  mirror  element;  the  laser  output  will  be  observed  with  a 
fast  detector  and  an  oscilloscope.  (This  test  will  be  performed  only  if 
Syl vania  information  suggests  the  possibility  of  line  competition  that  reduces 
the  bandwidth  to  less  than  acceptable  limits  on  a particular  line.) 

7.3*H  Laser  Functional  Testing 

After  the  automatic  line-selection  devices  (gratings  and  power 
meters)  have  been  installed  and  aligned,  the  laser  functional  tests  summarized 
below  will  be  performed  on  the  transmitter,  local  oscillator,  and  backup  lasers 
to  ensure  that  the  lasers  are  properly  reassembled  at  Aerojet.  Test  Setup  No.  4, 
shown  in  Figure  7-10,  will  be  used  for  most  of  these  tests. 

a.  . Start-Up  Operation:  Automatic  start-up  loops  will  be  moni- 

tored . 
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■b.  Mode:  The  TEM^  mode  ■will  be  checked  by  noting  the  absence 

of  mode  beating  in  a spectrum  analyzer  when  the  test  laser  is  heterodyned 
against  a stable  laboratory  laser.  The  intensity  distribution  will  also  be 
checked  with  a thermographic  screen. 

c . Power  Output : The  total  power  output  will  be  measured  with 

a power  meter. 

d.  Polarization:  The  polarization  angle  will  be  measured  with 

a Brewster -angle  germanium  plate. 

e.  Output-Power  Beamwidth:  The  intensity  distribution  in  the  output 

beam  will  be  measured  near  the  laser  output  and  in  the  far-field  by  scanning  a pin- 
hole and  detector  across  the  beam.  The  beam  diameter  between  the  O.367  rela- 
tive-power points  and  the  beam  collimation  will  be  determined  from  these  data. 

f.  Operating  Line:  The  operating  line  will  be  measured  with  a 

grating  monochrometer. 

g.  Operating-Line  Width  and  Power -Frequency  Profile:  The  line 

width  and  profile  will  be  measured  by  splitting  the  output  beam  into  a power 
meter  and  into  a heterodyne  setup  and  spectrum  analyzer.  The  power  output 
will’  be  measured  as  the  operating  frequency  of  the  laser  is  tuned  across  the 
line. 

h.  Operating  Frequency  (Transmitter  and  Backup  Laser):  The 

operating-frequency  long-term  stability  and  dither  peak-to-peak  frequency  devi- 
ation will  be  measured  by  heterodyne  techniques.  The  test  laser  will  be  dither- 
stabilized  to  line  center.  The  stable  laboratory  laser  will  be  tuned  to  oper- 
ate open  loop  at  30  MHz  below  line  center.  The  heterodyned  output  will  be  fed 
into  a 30-MHz  discriminator.  The  discriminator  output  will  be  fed  into  (l)  a 
low-pass  filter  and  recorder  to  measure  long-term  frequency  stability,  and  (2) 

a bandpass  filter  centered  at  the  dither  frequency  and  oscilloscope  to  measure 
the  dither  peak-to-peak  deviation  frequency. 

i.  Operating  Frequency  (Local  Oscillator  and  Backup  Lasers): 

j 

The  operating  frequency  will  be  measured  by  heterodyne  techniques.  A stable 
laboratory  laser  will  be  dither -stabilized  to  line  center.  The  test  laser 
will  be  tuned  to  operate  at  30  MHz  below  line  center  by  an  AFC  loop  controlled 
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by  a 30-MHz  discriminator.  The  discriminator  output  will  be  fed  into  a low- 
pass  filter  and  recorder  to  measure  the  long-term  frequency  stability. 

j.  Frequency  Uncertainty  During  Acquisition  (Local  Oscillator 

and  Backup  Lasers):  The  frequency  uncertainty  will  be  measured  by  heterodyne 

techniques.  A stable  laboratory  laser  will  be  dither -stabilized  to  line  center 
The  test  laser  will  be  tuned  to  operate  at  30  MHz  below  line  center  by  the  ac- 
quisition-mode laser  electronics.  The  output  from  a ^0-MHz  discriminator  will 
be  fed  into  a low-pass  filter  and  a recorder  to  measure  the  frequency  uncer- 
tainty for  a minimum  of  5 minutes. 

k.  Frequency  Stability:  This  measurement  will  be  made  by  hetero 
dyne  techniques.  The  test  laser,  stabilized  at  its  operating  frequency,  will 

be  operated  at  a 30_MHz  difference  frequency.  The  output  from  a 30-MHz  dis- 

\ 

criminator  will  be  fed  into  one  of  three  bandpass  filters.  The  output  from  the 
0.1  to  5~Hz  filter  will  be  fed  into  a recorder  converted  to  root-mean-square 
(rms)  values.  The  output  from  the  5-Hz-to-800-kHz  and  the  800 -kHz -to -6 -MHz 
filters  will  be  measured  with  an  rms  voltmeter.  The  5-Hz-to-800-kHz  filter 
will  have  a notch. at; the  dither  frequency. 

l.  Amplitude  Stability:  The  output  power  from  the  laser  will 

} 

be  directed  onto  a detector,  whose  output  will  be  fed  through  a 5 to  45-Hz 
bandpass  filter  to  an  rms  voltmeter,  which  will  read  the  rms  voltage  caused  by 
fluctuations  of  the  laser-output  power.  The  detector  voltage  corresponding  to 
the  average  laser -output  power  will  be  measured  on  an  oscilloscope  by  chopping 
the  laser  beam.  The  percentage  of  rms  power  fluctuations  will  be  computed  by 
dividing  the  rms -voltmeter  reading  by  the  oscilloscope  reading  and  multiplying 
by  100. 

m.  Power  Input:  The  power  input  to  the  laser  tubes  will  be 

calculated  from  measurements  of  the  operating  current  and  voltage  of  the  tubes. 

7.3*12  Modulator  Functional  Testing 

The  functional  tests  listed  below  will  be  conducted  on  the  laser 
modulator  to  ensure  that  the  transmitter  laser  is  operating  properly.  They 
will  be  performed  with  a heterodyne  setup  and  an  optical  receiver,  as  shown  in 

J 

Figure  7 -10 . 
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a.  Baseband  Amplitude -Frequency  Characteristics:  These  charac- 

teristics will  be  measured  by  injecting  a video-test  signal  covering  the  band 
into  the  modulator  driver,  and  noting  the  receiver  output  displayed  on  the 
waveform  monitor. 

b.  Modulator /Driver  Sensitivity:  A 1-volt  peak-to-peak  signal 
"will  be  applied  to  the  modulator /driver,  and  the  receiver  output  will  be  meas- 
ured with  the  spectrum  analyzer  for  maximum  frequency  deviation  using  the  side- 
band-amplitude Bessel-funetion  technique. 

c.  Periodic  Noise:  This  measurement  will  be  made  by  terminating 

the  input  to  the  modulator  driver  with  a proper  load,  and  noting  the  receiver 
output  displayed  on  the  waveform  monitor. 

7-3*13  Transmitter  and  Backup  Laser  Beam  Alignment 

The  test  setup  shown  in  Figure  7-7  will  be  used  to  align  the  backup 
laser  beam  to  the  transmitter  beam  in  the  far  field  of  the  transceiver  for  both 
the  acquisition  and  the  tracking  modes.  Alignment  will  be  accomplished  by 
measuring  and  superimposing  the  intensity  distributions  of  the  transmitter  and 
backup  laser  beams  at  the  focal  point  of  the  parabolic  mirror.  The  measured 
far-field  antenna  patterns  for  both  laser  beams  in  the  acquisition  and  track- 
ing modes  will  be  compared  with  computer  values  to  determine  if  the  beams  are 
diffraction-limited. 

7-3.14  Transmitted-Beam  and  Received-Beam  Alignment 

The  test  setup  shown  in  Figure  7-7  will  be  used  to  align  the  re- 
ceived beam  at  the  mixer  with  the  transmitted  beam  in  the  far  field  of  the 
t raiio ce iver • The  iar  tield  01  the  transmitted  beam  will  be  centered  on  the 
pinhole  and  detector  at  the  focal  point  of  the  parabolic  mirror.  The  received 
beam  from  the  laboratory  laser  source  will  be  centered  on  the  mixer  by  opti- 
mizing the  nonheterodyned  mixer  output  for  a chopped  signal  beam. 

The  transmitted  far-field  antenna  pattern  from  the  breadboard 
transceiver  will  be  measured  and  compared  with  computed  values  to  determine  if 
the  beam  is  diffraction-limited. 
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7.3.15  Alignment  of  Local  Oscillator  and  Backup  Laser  Beams  and  Re- 

ceived Beam 

The  test  setup  shown  in  Figure  7~T  will  be  used  to  align  the  local 
oscillator  and  backup  laser  beams  to  the  received  beam  at  the  mixer.  The  re- 
ceived beam  from  the  laboratory  laser  source  will  be  centered-  on  the  mixer  as 
in  paragraph  7*3*1^*  The  local  oscillator  laser  and  backup  laser  beams  will 
each  be  centered  on  the  mixer  by  optimizing  the  heterodyne  output  signal.  A 
backup  laser  has  not  been  incorporated  into  the  breadboard  transceiver.  The 
receiver  antenna  pattern  will  be  measured  by  scanning  the  received  beam  across 
the  mixer  with  the  XMC. 

7.3»l6  Coarse -Be am -Pointing-Circuit  Functional  Testing 

The  coarse  beam  pointing  circuit  (consisting  of  command  registers , 
shaft-position  registers , a comparator,  motor  driving  Circuitry,  and  an  XMC 
position-error  detector)  will  be  functionally  tested  by  the  Electronic  Engi- 
neering group. 

7.3*17  Search  Pattern  Circuit  Functional  Testing 

The  search  pattern  circuits  (consisting  of  a clock,  a clock  and 
command  gate,  a line -width  counter,  a frame-width  counter,  and  rest-gate,  line, 
and  frame-width  D/A  converters,  a line-width  integrator,  and  auxiliary  cir- 
cuitry) will  be  functionally  tested  by  the  Electronic  Engineering  group. 

« 

7.3.18  Acquisition  Control  Circuit  Functional  Testing 

This  circuit  (consisting  of  circuitry  required  to  generate  internal 
control  and  command  functions,  arid  an  acquis it ion -threshold-signal  generator) 
will  be  functionally  tested  by  the  Electronic  Engineering  group. 

7.3.19  IMC  Driver  Circuit  Functional  Testing 

This  circuit  (consisting  of  drivers  for  the  east -west  and  north- 
south  axes  of  the  image -motion  compensator)  will  be  functionally  tested  by  the 
Electronic  Engineering  group. 
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7 • 3 • 20  Tracking  Circuit  Functional  Testing 

The  tracking  circuit  (consisting  of  a nutator  and  threshold  signal 
generator , and  nutator  drivers)  -will  be  functionally  tested  for  operation  in 
the  acquisition  and  normal  tracking  modes  by  the  Electronic  Engineering  group. 

T • 3 • 21  Command  Distribution  Circuit  Functional  Testing 

This  circuit  will  be  tested  for  all  functional  operations  by  the 
Electronic  Engineering  group. 

7-3*22  Telemetry-Data-Conditioning-Circuit  Functional  Testing 

The  telemetry  data  conditioning  circuit  will  be  tested  for  all 
functional  operations  by  the  Electronic  Engineering  group. 

7*3*23  Video  Switch  Functional  Testing 

The  video  switch  will  be  functionally  tested  for  all  required  oper- 
ations - i*e. cross-strapping  within  the  transceiver  and  between  the  trans- 
ceiver and  the  spacecraft  microwave-communication  system. 

7*3*24  Signal  Conditioning  Package  Functional  Testing 

This  testing  will  be  performed  to  check  the  functional  character is - 
tiCu  of  all  the  circuits  integrated  into  the  signal  conditioning  package.  The 
extent  of  the  functional  testing  at  this  level  will  depend  on  the  availability 
of  test  points  of  each  individual  circuit  in  this  configuration.  The  testing 
will  be  planned  and  performed  by  the  Electronic  Engineering  group. 

7*3*25  Signal-Conditioning-Package  Storage-and-Operating-Temperature 

Testing  

A combined  storage  and  operating  temperature  test  in  accordance 
with  Specification  AGC  20511  will  be  performed  on  the  signal  conditioning  pack- 
age. Euring  storage  temperature  cycling,  functional  tests  in  accordance  with 
paragraph  7-3.24  will  be  performed  with  the  unit  stabilized  at  the  operating- 
temperature  extremes. 

7*3*26  Power  Supply  Functional  Testing 

The  power  supply  will  be  tested  for  all  functional-operation  re- 
quirements by  the  Electronic  Engineering  group,  which  will  prepare  a detailed 
test  plan. 
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7.5»2T  Power -Supply  Storage -and -Ope rating -Temperature  Testing 

A combined  storage -and -operating-temperature  test  will  be  per- 
formed on  the  power  supply.  During  storage -temperature  cycling,  functional 
tests  will  be  performed  in  accordance  with  paragraph  7*3*26  at  operating -tem- 
perature extremes. 

7.3*28  Power -Supply  Vacuum  Testing 

A vacuum  test  will  be  performed  on  the  power'  supply  to  ensure  the 
proper  operation  of  this  unit  in  a space  environment.  Functional  tests  in  ac- 
cordance with  paragraph  7*3*26  will  be  performed  on  the  power  supply  during  the 
vacuum  test. 

7.3*29  Radiation-Cooler  Thermal-Balance  Testing 

The  radiation  cooler  (consisting  of  the  heat  sink,  passive  radia- 
tor and  shield,  and  a simulated  antenna)  will  be  installed  in  a thermal- vacuum 
test  chamber.  The  test  article  will  be  instrumented  with  thermocouples  to 
monitor  temperatures  at  various  locations.  Internal  power  dissipation  will  be 
simulated  by  heaters  attached  to  the  heat  sink. 

Testing  will  be  conducted  with  the  chamber  evacuated  to  a pressure 

- 5 1 

below  10  torr,  and  with  the  chamber  cryo-shroud  cooled  to  a temperature  be- 
low 90°K.  Temperature  data  will  be  recorded  after  the  test  article  has  reached 
a steady- state  condition. 

The  reduced  test  data  will  be  compared  with  previously  predicted 
results  to  verify  the  validity  of  analytical  techniques  and  to  verify  that  the 
thermal  performance  of  the  radiator  is  satisfactory. 

7 . 3* 30  ■ Radiation-Cooler-Shield  Energy-Control  Testing 

A passive  radiator  and  shield  assembly  will  be  installed  on  the 
J104  collimator  test  table  for  irradiation  with  collimated  visible  light  at 
several  angles  about  the  shield Ts  major  axis.  The  EMF  output  of  a radiometer 
placed  under  the  radiator  will  indicate  the  energy  absorbed  by  the  radiator.- 

Before  testing,  the  test  plane  will  be  mapped  with  the  radiometer 
to  determine  the  total  flux  in  the  test  volume.  The  flux  absorbed  by  the 
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radiometer , with  the  radiator  and  shield  in  place , will  then  be  compared  with 
the  total  flux  known  to  be  incident  on  the  radiator/shield  assembly.  The  ratio 
of  absorbed  flux  to  incident  flux  is  a measure  of  radiator /shield  performance. 

7*3*31  Radiation  Cooler  Vibration  Testing 

The  cooler  will  be  subjected  to  a qualification-level  vibration 
' test  in  accordance  with  Specification  AG-C  20511. 

7.3*32  Radiation -Cooler  Thermal -Balance  Testing 

The  thermal-balance  test  discussed  in  paragraph  7.3.29  will  be  re- 
peated after  the  vibration  test  to  check  the  performance  of  the  radiation 
cooler . 

7*3*33  System  Weight  and  Center  of  Gravity 

After  all  subsystems  are  integrated  into  the  final  transceiver- 
system  configuration,  the  package  will  be  weighed  and  the  center  of  gravity  of 
the  package  will  be  determined. 

7*3*34  System  EMC  Testing 

The  following  selected  EMC  tests  from  MIL-STD-461A  will  be  per- 
formed on  transceiver  system:  CE01,  CEQ2,  CE03,  CE04,  CS01,  CS02,  CS06,  RE01, 

RE02,  RS01,  and  RS03.  They  were  chosen  to  assure  the  compatibility  of  the  LCE 
transceiver  with  itself  and  with  the  spacecraft. 

7*3*35  System  Functional  Testing 

The  functional  tests  summarized  below  will  be  performed  on  the 
transceiver  system  under  ambient,  laboratory  conditions  in  order  to  establish 
a reference  baseline  of  data.  The  test  setups  shown  in  Figures  7-7,  7-8,  and 
149  "will  be  used  for  the  breadboard  transceiver.  The  setups  shown  in  Figures 
7-7  and  7-11  will  be  used  for  the  FTM,  prototype,  and  flight  transceivers. 

The  tests  associated  with  the  coarse  pointing  mirror  assembly  will  not  be  per- 
formed on  the  breadboard  transceiver,  because  it  does  not  include  this  assem- 
bly. 

a.  Startup  Loops:  The  startup  and  frequency  stabilization  of 

the  laser  subsystem  will  be  functionally  tested  using  appropriate  commands. 
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b.  Power  Measurement:  The  total  prime  power  consumption  will 

be  measured. 

c.  • Coarse  Pointing  Mirror  Functional  Test;  Commands  will  be 
fed  into  the  coarse  pointing  mirror  to  position  it  to  various  angles.  The 
shaft-encoder  outputs  will  be  checked  to  verify  these  angles. 

d.  Acquisition:  The  acquisition-limit  angles  relative  to  this 

telescope  axis  in  east-west  and  north-south  directions  will  be  measured.  The 
minimum  carrier  threshold  power  at  which  the  transceiver  can  acquire  will  be 
measured.  Dynamic -acquisition  tests  over  small  angular  ranges  will  be  per- 
formed with  a deflection-plate  assembly  (see  Figure  7-7). 

e.  Tracking;  Transmitted  and  received  beam  alignments  will  be 
checked  during  tracking.  A dynamic -tracking  test,  including  the  coarse-point- 
ing-mirror  correction  to  zero  the  IMC . driver  voltage,  will  be  conducted  to 
check  all  tracking  functions  of  the  transceiver.  This  test  will  be  performed 

-h*  with  a deflection-plate  assembly  (see  Figure  7-7). 

f.  Baseband  Amplitude -Frequency  Characteristics : These  charac- 

teristics will  be  measured  by  injecting  a video-test  signal  covering  the  band 
into  the  modulator  driver,  and  noting  the  output  of  the  receiver  displayed  on 
the  waveform  monitor. 

g.  Nonlinearity  Distortion:  The  nonlinearity  distortion  of  the 

synchronizing  signal  will  be  measured.  A video-test  signal  (CCXR  No.  3)  will 
be  applied  to  the  video  input  of  the  modulator  driver,  the  receiver  output  will 
be  displayed  on  a waveform  monitor,  and  the  amplitude  of  the  synchronizing 
pulse  will  be  measured. 

h.  Modulation  Sense;  The  black-to -white  transition  in  the  out- 
put video  signal  will  be  checked  for  correspondence  to  the  input  video  signal. 

i.  Envelope  Delay  Distortion:  This  test  will  be  performed  to 

check  that  the  envelope  delay  distortion  is  within  the  specified  limits.  A 
group  delay  test  set  will  be  used  to  make  point -by -point  measurements  on  a com- 
plete communication  link. 
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j.  Periodic  Noise;  The  signal-to-periodic-noise  ratio  will  be 
measured  in  the  communication  link.  The  periodic  noise  will  be  measured  on 
the  waveform  monitor  with  the  video  input  of  modulator  driver  terminated  with 
a proper  load. 

k.  NEP  Measurement:  A setup  such  as  shown  in  Figure  7-7  or  7-H 

will  be  used  to  measure  system  NEP.  The  laser  beam  will  be  chopped  so  that 
the  signal  can  be  distinguished  from  noise.  The  mixer  output  will  be  fed  into 
the  receiver  electronics.  The  signal-to -noise  ratio  will  be  measured  at  the 
IF-amplifier  output.  The  test  will  be  conducted  starting  with  a high  signal - 
to-noise  ratio,  and  the  laser  beam  from  the  test  source  will  be  attenuated  in 
increments  until  the  noise  and  the  signal  can  no  longer  be  differentiated  at 
the  output.  The  signal  power  at  this  point  represents  the  NEP  of  the  system. 

l.  Telemetry  Functional  Test:  All  telemetry  outputs  will  be 

functionally  tested.  This  test  will  not  be  performed  on  the  breadboard  trans- 
ceiver. 

m.  Command  Functional  Test:  The  transceiver  will  be  tested  for 

all  command  operations.  This  test  will  not  be  performed  on  the  breadboard 
transceiver. 

7.3.36  System  Storage  Temperature  Testing 

The  complete  prototype  transceiver  system  will  be  subjected  to  a 
storage  temperature  test  in  accordance  with  Specification  AGC  20511. 

7*3*37  Selected  System  Functional  Testing 

The  functional  tests  listed  below  (selected  from  the  tests  de- 
scribed in  paragraph  7*3«3?)  will  be  performed  on  the  transceiver  system  under 
laboratory  ambient  conditions  in  order  to  check  the  performance  after  each  en- 
vironmental test. 

a.  - Startup  Loops : The  startup  and  frequency  stabilization  loops 

and  switching  functions  of  the  laser  subsystem  will  be  functionally  tested  with 
appropriate  commands . 

b.  Power  Measurement:  The  total  prime  power  consumption  will 

be  measured. 
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c.  Acquisition  and  Tracking:  These  functions  will  be  checked 

for  normal  operation. 

d.  Baseband  Amplitude -Frequency  Characteristics:  These  charac- 

teristics will  be  checked  by  injecting  a video  test  signal  covering  the  band 

into  the  modulator  driver  and  noting  the  receiver  output  displayed  on  the  waveform 
monitor . 

7*3*38  System  Vibration  Testing 

The  FTM  and  prototype  transceiver  systems  and  the  flight  trans- 
ceiver system  will  be  subjected  to  qualification-level  and  flight-acceptance - 
level  vibration  tests,  respectively,  in  accordance  with  Specification  AGC  20511. 

7*3*39  System  Acceleration  Testing 

The  prototype  transceiver  system  will  be  subjected  to  an  accelera- 
tion test  in  accordance  with  Specification  AGC  2O5H. 

7 • 3 • 40  System  Thermal -Vacuum  and  Thermal -Bala nee  Testing 

The  FTM  and  prototype  transceiver  systems  and  the  flight  trans- 
ceiver system  will  be  subjected  to  qualification-level  and  flight -acceptance- 
level  thermal- vacuum  tests  respectively  in  accordance  with  Specification  AGC 
20511.  A thermal-balance  test  in  accordance  with  Specification  AGC  20511  will 
be  combined  with  the  thermal-vacuum  tests  performed  on  each  transceiver  system. 
During  these  environmental  tests,  a complete  system  functional  test,  as  de- 
scribed in  paragraph  7*3*35,  will  be  performed  to  check  for  proper  operation. 

7 • 3 * 4l  Final  System  Functional  Testing 

The  final  testing  of  the  transceiver  system  will  be  a repeat  of 
the  system  functional  testing  under  laboratory  ambient  conditions  as  described 
in  paragraph  7*3*35*  The  results  will  be  compared  with  the  initial  test  re- 

i 

suits  to  determine  if  any  performance  degradation  resulted  from  environmental 
testing. 

7*3*42  Coarse-Pointing-Mirror -Assembly  (Qualification  Unit)  Functional 

Testing 

The  qualification  unit  of  the  coarse -pointing-mirror  assembly  (con- 
sisting of  north— south,  and  east— west  gimbals,  gear  boxes,  stepping  motors. 


( 
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shaft,  position  encoders,  and  the  mirror)  "will  be  function-tested  under  labora- 
tory ambient  conditions  as  summarized  below.  A special  electronic  package  will 
be  used  to  Supply  the  required  electrical  inputs  and  to  read  the  output  signals. 

a.  Deflection  Limits:  The  deflection  limits  of  the  coarse 

pointing  mirror  will  be  measured  in  east-west  and  north-south  directions. 

b.  Pointing  Rate:  The  command  pointing  rate  will  be  computed 

from  data  collected  from  shaft-encoder  outputs  as  the  assembly  responds  to  the 
pointing-command  inputs. 

c.  Angular  Positioning:  The  angular -positioning  accuracy  of 

the  coarse  pointing  mirror  will  be  measured  by  mounting  a special  mirror-test 
fixture  on  the  gimbal  and  using  autocollimation  techniques. 

7*3*43  Coarse -Pointing-Mirror  Storage -Temperature  Testing 

The  assembly  will  be  subjected  to  a storage  temperature  test  in  ac- 
cordance with  Specification  AGC  20311. 

7 • 3 • 44  Coarse -Pointing-Mirror  Functional  Testing 

The  functional  testing  described  in  paragraph  7.3.42  will  be  per- 
formed on  each  coarse  pointing  mirror  in  order  to  check  its  performance  after 
each  environmental  test. 

7*3*45  Coarse -Pointing-Mirror  Vibration  Testing 

The  assembly  will  be  subjected  to.  a qualification -level  vibration 
test  in  accordance,  with  Specification  AGC  20511. 

i 

7 * 3; 46  Coarse -Pointing-Mirror  Thermal -Vacuum  Testing 

A long-term  thermal- vacuum  test  of  the  coarse  pointing  mirror  will 
be  performed  in  accordance  with  Specification  AGC  20511.  Its  duration  will  be 
determined  on  the  basis  of  reliability  data.  The  unit  will  be  operated  periodi- 
cally to  perform  all  required  functions  and  will  be  tested  in  accordance  with 
paragraph  7.3.42.  The  purpose  is  to  ensure  proper  operation  in  a space  environ- 
ment during  the  useful  lifetime. 
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T • 3 • ^7  Final  Coarse -Point ing-Mirror  Functional  Testing 

The  final  testing  of  the  coarse -pointing-mirror-assembly  qualifi- 
cation unit  will  be  a repeat  of  the  functional  testing  under  laboratory  ambient 
conditions  as  described  in  paragraph  70 -^2.  The  results  will  be  compared  with 
the  initial  test  results  to  determine  if  any  performance  degradation  resulted 
from  the  environmental  testing. 

7 .4  SUMMARY 

Tables  7-2  and  7-3  summarize  the  testing  scheme  for  the  LCE  trans- 
ceiver models. 

Table  7-2  provides  an  index  for  all  tests  described  in  Section  7.3 
that  will  be  performed  on  the  diiferent  transceiver  models  as  indicated  in  test 
flow  charts . , 

Table  7-3  shows  the  functional  and  environmental  tests  that  will 
be  performed  on  each  transceiver  model  and  the  assembly  level  or  levels  at 
which  they  will  be  performed.  It  illustrates  the  sequence  of  tests  at  the 
various  hardware  levels  through  the  different  transceiver  models  that  will  be 
performed  in  order  to  ensure  a high  probability  of  successful  flight-transceiver 
operation  in  space.  The  arrows  drawn  in  this  table  imply  a successful  test  at 
the  subsystem  or  system  level  indicates  that  all  parts  and  assemblies  at  the 
lower  levels  performed  satisfactorily. 
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TABLE  J-2 
TESTING  INDEX 


Para- 

graph 

Type 

Bread- 

board 

FTM 

Proto- 

type 

Flight 

7.3-1 

Miscellaneous  optical  parts  - inspection 

X 

X 

X 

7.3*2 

Flip -mirror  vibration  and  functional 
testing 

X 

7.3.3 

Duplexer  distortion  and  efficiency 
testing 

X 

7*3.4 

IMG  and  nutator  engineering  testing 

X 

X 

X 

X 

T.3. 5 

IMC  and  nutator  vibration  testing 

X 

7.3.6 

me  and  nutator  temperature  testing 

X 

X 

7.3.7 

Telescope  alignment  and  aberration 
testing 

X 

X 

X 

7.3.8 

Coarse -pointing -mirror -assembly  func - 
tional  testing 

X 

X 

X 

7.3.9 

Receiver  functional  testing 

X 

X 

X 

7.3.10 

Laser  signature  testing 

X 

X 

X 

7.3.11 

laser  functional  testing 

X 

X 

X 

7.3.12 

Modulator  functional  testing 

X 

X 

X 

7.3.13 

Transmitter  and  backup  laser  beam 
alignment 

X 

X 

X 

7.3-14 

Transmitted -beam  and  received-beam 
alignment 

X 

X 

X 

X 

7.3.13 

Alignment  of  local  oscillator  and 
backup  laser  beams  and  received  beam 

X 

X 

X 

X 

7.3.16 

Coarse -beam-pointing-circuit  func - 
tional  testing 

X 

X 

X 

7.3.17 

Search  pattern  circuit  functional 
testing 

X 

X 

X 

X 

7.3.18 

Acquisition  control  circuit  func- 
tional testing 

X 

X 

X 

X 

7.3*19 

IMC  driver  circuit  functional 
testing 

X 

X 

X 

X 

7.3.20 

Tracking  circuit  functional  testing 

X 

X 

X 

X 

7.3.21 

Command  distribution  circuit  func- 
tional testing 

X 

X 

X 
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TABLE  7-2  (cont.) 


Para  - 

Bread- 

Proto- 

graph 

Type 

board 

FTM 

toe 

Flight 

7.3-22 

Telemetry -data -c  onditioning -circuit 
functional  testing 

X 

X 

X 

7-3-23 

Video  switch  functional  testing 

X 

X 

X 

7-3-24 

Signal  conditioning  package  func- 
tional testing 

X 

X 

X 

X 

7-3-25 

Signal -conditioning -package  storage  - 
and-opeia.ting-tempers.ture  testing 

X 

7-3.26 

Power  supply  functional  testing 

X 

X 

X 

7-3-27 

P owe  r -supply  s t ora ge -and - ope ra  t ing - 
temperature  testing 

X 

7.3.28 

Power  supply  vacuum  testing  ■ 

X 

X 

X 

7.3.29 

Radiation -cooler  thermal-balance  testing 

X 

7.3.30 

Radiation -cooler -shield  energy -control 
testing 

X 

7-3.31 

Radiation  cooler  vibration  testing 

X 

7.3.32 

Radiation-cooler  thermal -balance  testing 

X 

7.3-33 

System  weight  and  center  of  gravity 

X 

X 

X 

7-3-34 

System  EMC  testing 

X 

7.3.35 

System  functional  testing 

X 

X 

X 

X 

7.3.36 

System  storage  temperature  testing 

X 

7.3.37 

Selected  system  functional  testing 

X 

X 

X 

7.3.38 

System  vibration  testing 

X 

X 

X 

7-3-39 

System  acceleration  testing 

X 

7-3-40 

System  thermal -vacuum  and  thermal- 
balance  testing 

X 

X 

X 

7.3.41 

Final  system  functional  testing 

.X 

X 

X 

7.3.42 

Coarse -pointing -mirror -assembly 
(qualification  unit)  functional  testing 

X 

7.3.43 

Coarse -pointing -mirror  storage -temperature 
testing 

X 

7.3.44 

Coarse -point ing -mirror  functional  testing 

X 

7.3.45 

Coarse -point ing -mirror  vibration  testing 

X 

7.3.46 

Coarse -pointing-mirror  thermal -vacuum 
testing 

X 

7.3.47 

Final  coarse -pointing -mirror  functional 
testing 

X 
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Breadboard 


legend: 

A - Acceleration  Teat  per  Spec  AGC-20.511 
S - EMC  Tests  per  Spec  ASC-SOJll 

F - Functional  Test 

5 - Acceptance  Testing  Performed  by  Vendor  per  ACC  Specification 

SF  - Functionally  Tested  by  Supplier 
TL  - Storage  Temperature  Test  per  Spec  AOC-3O5II 
T2  - Operating  Temperature  Test  per  Spec  A0C-20511 
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per  Opes  AGC-20fll 
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per  Spec  AGC-20511 
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Figure  7-11 


TEST  SETUP  NO.  5 


Report  No.  40^3,  Vol.  I,  Part  1 


